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(57) A liquid discharge head comprises first and 
second substrates which are to be mutually adjoined to 
form plural liquid paths respectively communicating with 
plural discharge apertures. The first substrate 
(1 ,31 ,401 ) is provided with energy conversion elements 
(32,402), for converting electrical energy into energy for 
discharging liquid in the liquid paths, respectively corre- 
sponding to the liquid paths. The second substrate 
(3,33,403) is provided with detection elements 
(11,200,413), for detecting a state of the liquid in said 
liquid paths, respectively corresponding to the liquid 
paths, and amplification means for respectively ampli- 
fying outputs of said detection elements. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a liquid dis- 
charge head for discharging liquid utilizing thermal en- 
ergy and a liquid discharge apparatus utilizing such liq- 
uid discharge head. 

Related Background Art ^ . - 

[0002] Such liquid discharge head is provided with 
various mechanisms for achieving stable discharge of 
liquid (for example ink). As an example, the Japanese 
Patent Application Laid-Open No. 7-52387 discloses an 
ink jet recording head equipped with ink temperature 
controlling function. The configuration of such ink jet re- 
cording head is schematically shown in Fig. 9, and Fig. 
1 0 shows the configuration of a temperature control por- 
tion formed on a head board of such ink jet recording 
head. 

[0003] Referring to Fig. 9, the ink jet recording head 
is constructed by forming plural heaters Hn on a head 
board 500. also forming partition walls 501 for forming 
ink paths corresponding to the heaters Hn, and adjoin- 
ing a top plate 502 to the partition walls 501 to form dis- 
charge opening 503, ink paths 505 and a common liquid 
chamber 504. The head board 500 is provided thereon, 
as shown in Fig. 10, a temperature sensor 510 for de- 
tecting the head temperature, sub heaters 511a, 511b 
for regulating the head temperature, and a temperature 
control circuit for driving the sub heaters 511a, 511b 
based the output of the temperature sensor 510, com- 
posed of an analog converter 512, an amplifier 513, a 
comparator 514 and a sub heater driver 515. 
[0004] In the above-described ink jet recording head, 
the sub heaters 511a, 511b are controlled according to 
the output of the temperature sensor 510, whereby the 
head temperature is maintained within a desired tem- 
perature range. 

[0005] For achieving more stable liquid discharge, in 
addition to the above-described control of the head tem- 
perature, there is conceived a method of detecting the 
state change of the nozzle in detailed manner {by de- 
tecting the change in resistance or temperature through 
the liquid in each nozzle), and controlling the drive of 
the liquid discharging heater (heat generating member) 
according to the result of such detection, 
However, since the sensor for detecting such state 
change of the nozzle has a relatively high output imped- 
ance, the output of such sensor tends to bear noises 
caused for example by the head driving current. There- 
fore, if such sensor is provided on the element substrate 
bearing the heaters, driving circuit, logic devices etc., 
the detecting precision of the sensor may be deteriorat- 
ed by the noises caused for example by the heater driv- 



ing 'current. In particular, the current (heater driving cur- 
' rent)' in. the head board is increasing because of the re- 
cent increase in the number of nozzles in the liquid dis- 
charge head and in the driving speed thereof, so that 
5 the above-mentioned noise has become an important 
issue in finely monitoring the state change of the noz- 
zles. 

[0006] Also there is recently developed a head in 
which the element substrate and the top plate are 

10 formed with a same silicon material in order to avoid dis- 
placement therebetween resulting from the thermal ex- 
pansion induced by the driving of the heat generating 
members, and such configuration has enabled to suita- 
bly distribute the sensor and various circuit elements on 

is such element substrate and top plate according to the 
functions of such elements, but the head in considera- 
tion of the above-mentioned noise issue has never been 
developed and has been longed for. 
[0007] Further, the output signal from the sensor can 

20 be relieved from the influence ol the noises by amplifi- 
cation with an amplifier, but such noises tend to be 
picked up if the distance between the sensor and the 
amplifier increases. It is therefore important to take the 
noise issue into consideration also in determining the 

25 positional relationship of the sensor and the amplifier. 

SUMMARY OF THE INVENTION 

[000.8] In consideration of the foregoing, the object of 
30 the present invention is to provide a liquid discharge 
head capable of more stable liquid discharge and a liq- 
uid discharge apparatus provided with such liquid dis- 
charge head. 

[0009] The above-mentioned object can be attained, 
35 according to the present invention, by a liquid discharge 
head comprising first and second substrates which are 
mutually adjoined to constitute plural discharge aper- 
tures and plural liquid paths respectively communicating 
therewith, wherein the first substrate bears energy con- 
40 version elements, for converting electrical energy into 
energy for discharging the liquid in the liquid paths, re- 
spectively in the liquid paths while the second substrate 
bears detection elements, for detecting a liquid state in 
the liquid paths, respectively in the liquid paths and am- 
45 plifier means for amplifying the respective outputs of the 
detection elements. 

[0010] Also according to the present invention, there 
is provided a liquid discharge apparatus featured by 
comprising the above-mentioned liquid discharge head 

so and driving the energy generating elements of the first 
substrate constituting the liquid discharge head under 
adjustment based on the result of detection by the de- 
tection elements of the second substrate constituting 
the liquid discharge head, thereby discharging liquid on- 

55 to a recording medium to form a record thereon. 

[0011] According to the present invention, as ex- 
plained in the foregoing since the detection elements 
and the amplifier means are provided on the second 
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substrate which is different from the first substrate bear- 
ing the energy conversion elements, the outputs of the 
detection elements are less contaminated by the noise 
(of the heater driving current) generated in driving the 
energy conversion elements and the distance between 
the detection element and the amplifier means can be 
made shorter, so that the precision of detection is not 
deteriorated. 

[001 2] Also according to the present invention, the de- 
tection elements and the amplifier means are formed on 
the second substrate which is more spacious in com- 
parison with the first substrate bearing the energy con- 
version elements, so that the aforementioned issue of 
limitation in space is not encountered. 
[0013] Furthermore, in a liquid discharge head provid- 
ed with switching means for switching the locations of 
detection, the detection elements are serially driven so 
that the space for positioning such detection elements 
on the second substrate can be limited. 
[001 4] According to the present invention, there is al- 
so provided a liquid discharge head comprising first and 
second substrates which are to be mutually adjoined to 
form plural discharge apertures and plural liquid paths 
respectively communicating with the discharge aper- 
tures, wherein the first substrate is provided with energy 
conversion elements, for converting electrical energy in- 
to energy for discharging the liquid in the liquid paths, 
respectively corresponding to the liquid paths, and the 
second substrate is provided with detection elements for 
detecting the state of the liquid in the liquid paths re- 
spectively corresponding to the liquid paths and ampli- 
fication means for amplifying the respective outputs ol 
the detection elements. 

[0015] According to the present invention, there is al- 
so provided a method for producing a liquid discharge 
head including plural discharge apertures for discharg- 
ing liquid; first and second substrates which are to be 
mutually adjoined to form plural liquid paths respectively 
communicating with the discharge apertures; plural en- 
ergy conversion elements respectively provided in the 
liquid paths, tor converting electrical energy into energy 
for discharging the liquid in the liquid paths; and plural 
elements or electrical circuits of different functions for 
controlling the drive condition of the energy conversion 
elements, the elements or electrical circuits being divid- 
edly provided on the first and second substrates accord- 
ing to the functions, the method comprising: 

a step of forming plural protruding electrical con- 
necting portions, on either of the first and second 
substrates, for mutually and electrically connecting 
the elements or electrical circuits of the first and 
second substrates; 

a step of forming plural recessed electrical connect- 
ing portions, on the other of the first and second 
substrates, for respectively engaging with the pro- 
truding electrical connecting portions and being 
electrically connected therewith; and 



a step of engaging the plural protruding electrical 
connecting portions with the respectively corre- 
sponding plural recessed electrical connecting por- 
tions at the adjoining of the first and second sub- 
s strate. 

[0016] According to the present invention, there is al- 
so provided a method for producing a liquid discharge 
head including plural discharge apertures for discharg- 
es ing liquid; first and second substrates which are to be 
mutually adjoined to form plural liquid paths respectively 
communicating with the discharge apertures; plural en- 
ergy conversion elements respectively provided in the 
liquid paths, for converting electrical energy into energy 
15 for discharging the liquid in the liquid paths; and plural 
elements or electrical circuits of different functions for 
controlling the drive condition of the energy conversion 
elements, the elements or electrical circuits being divid- 
edly provided on the first and second substrates accord- 
20 ing to the functions, the method comprising: 

a step of preparing a first silicon wafer including plu- 
ral first substrates, each provided with a first elec- 
trical connecting portion for mutually and electrically 
25 connecting the elements or electrical circuits of the 
first and second substrates; 
a step of preparing a second silicon wafer including 
plural second substrates, each provided with a sec- 
ond electrical connecting portion for mutually and 
30 electrically connecting the elements or electrical cir- 
cuits of the first and second substrates; 
an impingement step of impinging the first silicon 
wafer on the second silicon wafer in such a manner 
that the first electrical connecting portion is opposed 
35 to the second electrical connecting portion corre- 
sponding to the first electrical connecting portion; 
an adjoining step of adjoining the first electrical con- 
necting portion with the second electrical connect- 
ing portion corresponding to the first electrical con- 
40 necting portion by eutectic bonding; and 

a cutting step of integrally cutting the adjoined first 
and second silicon wafers after the adjoining step. 

[0017] In the present specification, the word "up- 
45 stream" or 'downstream" defines a position with respect 
to the direction of liquid flow from a liquid supply source 
to a discharge aperture through a bubble generating ar- 
ea (or a movable member) or with respect to the direc- 
tion in such configuration. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] 

55 Figs. 1 A and 1 B are views showing the configura- 
tion of a liquid discharge head constituting an em- 
bodiment of the present invention, wherein Fig. 1 A 
is a plan view of an element substrate while Fig. 1 B 
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is a plan view of a top plate; 

Fig. 2 is a cross-sectional view along the liquid path, 

showing the configuration of a liquid discharge head 

embodying the present invention; 

Figs. 3A and SB are views showing a liquid dis- s 

charge head provided with a liquid viscosity sensor, 

in an embodiment of the present invention, wherein 

Fig. 3A is a cross-sectional view along the liquid 

path of the liquid discharge head while Fig. 3B is a 

schematic circuit diagram of a viscosity measuring 10 

circuit; 

Fig. 4 is a plan view of a liquid discharge head unit - - ./n-. 
bearing the liquid discharge head shown in Fig. 1; 
Fig. 5 is a view showing a liquid discharge head ca- 
pable of controlling the temperature of the element is 
substrate and constituting an embodiment of the 
present invention; 

Figs. 6A and 6B are views showing a variation of 
the present invention, wherein Fig. 6A is a plan view 
of an element substrate while Fig. 6B is a plan view 20 
of a top plate; 

Figs. 7A and 7B are views showing a variation of 
the present invention wherein Fig. 7A is a plan view 
of an element substrate while Fig. 7B is a plan view 
of a top plate; 2s 
Figs. 8A and 8B are views showing a variation of 
the present invention, wherein Fig. 8A is a plan view 
of an element substrate while Fig. 8B is a plan view 
of a top plate; 

Fig. 9 is a schematic view showing the configuration 30 
of an ink jet recording head; 
Fig. 10 is a circuit diagram showing the configura- 
tion of a temperature control circuit formed on a 
head substrate of the ink jet recording head shown 
in Fig. 9; 3S 
Figs. 11 A, 11B 5 11 C and 11 D are views showing 
steps of adjoining the top plate to the element sub- 
strate, bearing movable members and liquid path 
walls thereon, in the second embodiment of the 
present invention; 40 
Fig. 12 is a view showing the positional relationship 
between a gold bump and a recessed electrode por- 
tion; 

Figs. 13A, 13B and 13C are views showing an ex- 
ample of the method for producing the liquid dis- 45 
charge head of the second embodiment of the 
present invention; 

Fig. 14 is a view showing a top plate in a third em- 
bodiment of the present invention; 
Fig. 15 is a view showing an element substrate so 
(heater board) in the third embodiment of the 
present invention; 

Fig. 1 6 is a schematic view showing a top plate ad- 
joining step; 

Fig. 1 7 is a detailed view showing the top plate and ss 
the element substrate (heater board) in the third 
embodiment of the present invention; 
Figs. 1 8 A and 1 8B are schematic views showing the 



adjoining method forthe top plate in an embodiment 

utilizing pressure-sensitive rubber; 

Figs. 1 9A and 1 9B are schematic views showing the 

adjoining method for the top plate in an embodiment 

utilizing a piezoelectric polymer film; 

Fig. 20 is a schematic view of a pressure sensor 

based on the measurement of randomly reflected 



Fig. 21 is a view showing a semiconductor pressure 
sensor; 

Fig. 22 is a plan view of an element substrate, a top 
plate and a liquid discharge head unit formed by 
combining the element substrate and the top plate, 
constituting a forth embodiment in which a TAB for 
extracting the electrical signals is provided in each 
of the element substrate and the top plate; 
Fig. 23 is a schematic view of a position sensor (ca- 
pacitor) 1221 formed by parallel electrodes; 
Fig. 24 is a view showing the shape of electrodes 
constituting the position sensor 1221; 
Figs. 25A and 25B are views showing the position 
of the electrodes when the element substrate and 
the top plate are adjoined; 
Fig. 26 is a circuit diagram showing an example of 
a circuit for detecting the positional relationship of 
the element substrate and the top plate by a capac- 
itor; 

Fig. 27 is a plan view similar to Fig. 22, showing an 
embodiment in which a TAB for extracting electrical 
signals is provided only in the first substrate; 
Fig. 28 is a view showing the shape of electrodes 
in another embodiment in which the electrodes con- 
stituting the position sensor 1221 are of approxi- 
mately same dimensions; 
Figs. 29A and 29B are views showing circuit con- 
figuration of the liquid discharge head shown in Fig. 
1, wherein Fig. 29A is a plan view of an element 
substrate while Fig. 29B is a plan view of a top plate; 
Fig. 30 is a cross-sectional view showing an exam- 
ple of the configuration of a sensor provided in the 
liquid discharge head of the present invention; 
Fig. 31 is a schematic view showing the configura- 
tion in case a voice input sensor, utilizing the silicon 
strain gauge shown in Fig. 30, is formed in the ele- 
ment substrate; 

Fig. 32 is a flow chart showing th e flow of voice rec- 
ognition; 

Fig. 33 is a block diagram showing the signal flow 

in an embodiment of the present invention; 

Figs. 34A and 34B are views showing an example 

of the circuit configuration of the element substrate 

1 for controlling the energy to be applied to the heat 

generating members and the top plate 3; 

Fig. 35 is a view conceptually showing the function 

of an image sensor 43 and a sensor drive circuit 47 

shown in Figs. 34A and 34B; 

Fig. 36 is an equivalent circuit diagram of a MOS- 

FET image sensor in which the image sensors are 
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given two dimensional addresses and the address- 
es are scanned in succession by a digital shift reg- 
ister; 

Fig. 37 is a view showing 'the configuration of a 
MOSFET Image sensor in which the image sensors 
are given two dimensional addresses and the ad- 
dresses are scanned in succession by a digital shift 
register; 

Fig. 38 is a view showing the configuration of an 
image sensor in which the MOSFET image sensors 
are arranged two dimensionally and combined with 
shift registerslor controlling horizontal and vertical 
scannings;^ 

Fig. 39 is a cross-sectional view showing the con- 
figuration of a light amount sensor utilizing photo- 
voltaic effect; 

Fig. 40 is a perspective view of an embodiment of 
the portable recording apparatus of the present in- 
vention in a state in the course of a printing opera- 
tion; and 

Figs. 41 and 42 are perspective views of the record- 
ing apparatus shown in Fig. 40, in a state during 
transportation. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS ' 

[First embodiment] 

[0019] In the following there will be explained a first 
embodiment of the present invention, with reference to 
the accompanying drawings. 

[0020] At first there will be briefly explained the con- 
figuration of the liquid discharge head applicable to the 
present invention. The liquid discharge head applicable 
to the present invention has such a structure in which 
an element substrate and a top plate are mutually ad- 
join ed to form plural discharge apertures (ports) and plu- 
ral liquid paths respectively communicating therewith. 
Fig. 2 shows an example of the liquid discharge head 
applicable to the present invention. 
[0021] The liquid discharge head shown in Fig. 2 is 
provided with an element substrate 1 on which plural 
heat generating members 2 (only one being shown in 
Fig. 2) are formed in parallel manner for providing ther- 
mal energy for generating a bubble in liquid, a top plate 

3 adjoined onto the element substrate 1 , an orifice plate 

4 adjoined to the front end face of the element substrate 
1 and the top plate 3, and a movable member 6 provided 
in a liquid path 7 formed by the element substrate 1 and 
the top plate 3. 

[0022] The element substrate 1 is obtained by form- 
ing, on a silicon substrate or the like, a silicon oxide film 
or a silicon nitride film for electrical insulation and heat 
accumulation, and patterning thereon an electrical re- 
sistance layer constituting a heat generating member 2 
and wirings therefor. A voltage is applied from these wir- 
ings to the electrical resistance layer to induce a current 



therein, whereby the heat generating member 2 gener- 
ates heat. 

[0023] The top plate 3 is provided for constituting plu- 
ral liquid paths 7 respectively corresponding to the heat 
5 generating members 2 and a common liquid chamber 8 
for supplying the liquid paths 7 with liquid, and is inte- 
grally provided with liquid path walls 9 extending in the 
spaces between the heat generating members 2. The 
top plate 3 is composed of a silicon-containing material, 
and is obtained by forming the pattern of the liquid paths 
7 and the common liquid chamber 8 by etching, or de- 
positing the' material for the liquid path walls 9, such as 
silicon nitride of silicon oxide by a known film forming 
method such as CVD on the silicon substrate and etch- 
ing off the portion of the liquid paths 7. In addition, the 
top plate 3 may be further provided, in the course of 
preparation thereof, with circuit elements of a tempera- 
ture control portion to be explained later and featuring 
the present invention. 

[0024] The orifice plate 4 is provided with plural dis- 
charge apertures 5, respectively corresponding to the 
liquid paths 7 and communicating with the common liq- 
uid chamber 8 respectively through the liquid paths 7. 
Also the orifice plate 4 is composed of a silicon-contain- 
ing material, and is obtained for example by grinding the 
silicon substrate bearing the discharge apertures 5, into 
a thickness of 1 0 to 1 50 urn The orifice plate 4 is not an 
indispensable component in the present invention, and 
may be replaced by atop plate with discharge apertures 
which can be obtained by leaving a wall corresponding 
to the thickness of the orifice plate 4 at the front end face 
of the top plate 3 at the formation of the liquid paths 7 
thereon, and forming the discharge apertures 5 in thus 
left wall portion. 

[0025] The movable member 6 is a thin film, formed 
as a beam supported at an end so as to face the heat 
generating member 2 so as to separate the liquid path 
7 into a first liquid path 7a communicating with the dis- 
charge aperture 5 and a second liquid path 7b contain- 
ing the heat generating member 2, and is formed with a 
silicon-containing material such as silicon nitride or sil- 
icon oxide. 

[0026] The movable member 6 is provided in a posi- 
tion opposed to the heat generating member 2 with a 
predetermined distance therefrom so as to cover the 
same, with a fulcrum 6a at the upstream side of a main 
flow of the liquid from the common liquid chamber 8 
through the movable member 6 to the discharge aper- 
ture 5 caused by the liquid discharge operation, and a 
free end 6b at the downstream side with respect to the 
fulcrum 6a. The space between the heat generating 
member 2 and the movable member 6 constitutes a bub- 
ble generation area 10. 

[0027] When the heat generating member 2 gener- 
ates heat in the above-described configuration, the gen- 
erated heat acts on the liquid in the bubble generation 
area 10 between the movable member 6 and the heat 
generating member 2, whereby a bubble is generated 
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and grows on the heat generating member 2 by a film 
boiling phenomenon. The pressure resulting Irom the 
bubble growth preferentially acts on the movable mem- 
ber 6, which is thus displaced and opens toward the dis- 
charge aperture 5 about the fulcrum 6a, as indicated by 
a broken line in Fig. 2. By the displacement of the mov- 
able member 6 or by the displacement thereof, the prop- 
agation of the pressure resulting from the bubble gen- 
eration or the bubble growth itself is guided toward the 
discharge aperture 5, whereby the liquid is discharged 
therefrom. 

[0028] Thus the presence, in the bubble generation 
area 10, of the movable member 6 having the fulcrum 
6a at the upstream side of the liquid flow in the liquid 
path 7 (namely at the side of the common liquid chamber 
8) and having the free end 6b at the downstream side 
(namely at the side of the discharge aperture 5), guides 
the propagation of the bubble pressure toward the 
downstream side, whereby the bubble pressure effec- 
tively and directly contributes to the liquid discharge. Al- 
so the direction of growth of the bubble itself is similarly 
guided, like the pressure propagation, toward the down- 
stream side whereby the bubble growth larger in the 
downstream side than in the upstream side. Such con- 
trol of the growing direction itself of the bubble and of 
the propagating direction of the bubble pressure by 
means of the movable member allows to improve the 
basic discharge characteristics such as the discharge 
efficiency, discharge force or discharge speed. 
[0029] On the other hand, once the bubble enters a 
bubble quenching stage, the bubble vanishes rapidly by 
the multiplying effect with the elastic force of the mova- 
ble member 6, whereby the movable member 6 eventu- 
ally returns to the initial position, indicated by a solid line 
in Fig. 2. In this state, in order to replenish the volume 
reduction of the bubble in the bubble generation area 
10 and the volume of the discharge liquid, the liquid 
flows in from the upstream side or from the side of the 
common liquid chamber 8 to achieve liquid refilling in 
the liquid path 7, and such liquid refilling can be 
achieved efficiently and stably by the contribution of the 
returning action of the movable member 6. 
[0030] In the following there will be explained in detail 
the arrangement of circuit elements, featuring the liquid 
discharge head of the present invention. Figs. 1 A and 
1 B show the arrangement of the circuit elements to be 
formed on the element substrate and the top plate of the 
liquid discharge head in an embodiment of the present 
invention. 

[0031] As shown in Fig. 1A, an element substrate 31 
(corresponding to the element substrate 1 in Fig. 2) is 
provided with heat generating members 32 (corre- 
sponding to the heat generating members 2 in Fig. 2) 
arranged in a linear array, power transistors 41 function- 
ing as drivers, AND gates 39 for controlling the function 
of the power transistors 41 , a drive timing controlling log- 
ic circuit 38 for controlling the drive timing of the power 
transistors 41 , an image data transfer circuit 42 consti- 



tuted by a shift register and a latch circuit, and a rank 
heater 43 for directly detecting the resistance or temper- 
ature of the heat generating members 32. 
[0032] The driving timing controlling logic circuit 38 is 

5 provided for driving the heat generating members 32 in 
divided manner on time-shared basis instead of simul- 
taneous driving, in order to reduce the power supply ca- 
pacity of the apparatus, and enable signals for activating 
the logic circuit 38 are entered from enable signal input 

10 terminals 45k to 45n constituting an external contact 
pad. 

. [0033] In addition to the enable signal input terminals 
45k to 45n, the external contact pad provided on the el- 
ement substrate 31 includes an input terminal 45a for 

IB the power supply for driving the heat generating mem- 
bers 32, a ground terminal 45b for the power transistors 
41, signal input terminals 45c to 45e for controlling the 
energy for driving the heat generating members 32, a 
driving power supply terminal 451 for the logic circuit, a 

20 ground terminal 45g, an input terminal 45i for the serial 
data entered into the shift register of the image data 
transfer circuit 42, an input terminal 45h for a serial clock 
signal synchronized with the serial data, and an input 
terminal 45j for a latch clock signal to be entered into 

25 the latch circuit. 

[0034] On the other hand, as shown in Fig. 1 B, a top 
plate 33 (corresponding to the top plate 3 in Fig. 2) is 
provided with a sensor portion 11 including sensors pro- 
vided respectively for the liquid paths for detecting the 

30 change in resistance or temperature through the liquid, 
a selector switch 1 2 for selecting the sensors of the sen- 
sor portion 11 in succession, an amplifier 13 for ampli- 
fying the output of the sensor selected by the selector 
switch 1 2, a sensor drive circuit 47 for driving the sensor 

35 selected by the selector switch 12 and the rank heater 
43, a drive signal control circuit 46 for monitoring the 
outputs ol the amplifier 13 and the rank heater 43 and 
accordingly controlling the energy applied to the heat 
generating members 32, and a memory 49 for storing 

40 codes ranked according to the resistance data (or tem- 
perature data) or resistance (or temperature) detected 
by the sensors of the sensor portion 11 and the liquid 
discharge characteristics measured in advance for the 
respective heat generating member 32 (liquid discharge 

45 amount by the application of a predetermined pulse un- 
der a predetermined temperature) as head information 
and supplying such head information to the drive signal 
control circuit 46. 

[0035] As contact pads for connection, the element 
50 substrate 31 and the top plate 33 are provided with ter- 
minals 44g, 44h, 48g, 48h for connecting the rank heater 
43 and the sensor drive circuit 47, terminals 44b to 44d, 
48b to 48d for connecting the input terminals 45c to 45e 
for external signals for controlling the energy for driving 
55 the heat generating members 32 with the drive signal 
control circuit 46, a terminal 48a for entering the output 
thereof into an input port of each of the AND gates 39. 
[0036] In the liquid discharge head of present embod- 
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iment of the above-described configurajion, the rank 
heater 43 directly detects the state change of the heat 
generating member 32 (or the vicinity thereof) of the el- 
ement substrate 31 and each sensor of the sensor por- 
tion 1 1 detects the fine state change of the liquid in each 
liquid path, and the heat generating members 32 are 
controlled according to the result of such detection. In 
the following there will be given a detailed description 
on each drive control. 

<Drive control utilizing sensor portion 11> 

[0037] The sensor portion 1 1 detects the state change 
in each liquid path (nozzle), namely the change in re- 
sistance or temperature through the liquid. In the follow- 
ing there will be explained the function in case the sen- 
sor portion 11 is composed of resistance sensors. 
[0038] At first the selector switch 12 selects one of the 
sensors of the sensor portion 11 , and the selected sen- 
sor is activated by the sensor drive circuit 47. The result 
of detection (resistance data) from the activated sensor 
is entered through the amplifier 13 into the memory 43 
and stored therein. The drive signal control circuit 46 
determines the data for upshift and downshift of the 
drive pulse for the heat generating member 32 accord- 
ing to the resistance data stored in the memory 49 and 
the liquid discharge characteristics, and sends such da- 
ta to the AND gate 39 through the terminals 48a, 44a. 
Then the selector switch 1 2 selects another of the sen- 
sors of the sensor portion 1 1 , then the result of detection 
is similarly storod in the memory 49 and the upshift and 
downshift data for the drive pulse forthe heat generating 
member 32 are supplied to the AND gate 39. In this man- 
ner the sensors of the sensor portion 11 are selected in 
succession by the selector switch 12, and the upshift 
and downshift data based on the result of detection by 
the sensor are supplied to the AND gate 39. On the other 
hand, the serially entered image data are stored in the 
shift register of the image data transfer circuit 42, then 
latched in the latch circuit by the latch signal and sup- 
plied to the AND gates 39 by the drive timing control 
circuit 38. Thus the pulse width of the heating pulse is 
determined according to the upshift and downshift data, 
and the heat generating member 32 is energized with 
such pulse width. As a result, the liquid discharge 
amount becomes constant at each discharge aperture. 
[0039] In case the sensor of the sensor portion 11 are 
composed of temperature sensors for detecting the tem- 
perature change through the liquid, such temperature 
sensors of the sensor portion 1 1 are selected in succes- 
sion and the result of detection is stored in the memory 
49. In such case, the drive signal control circuit 46 ap- 
plies, prior to the application of the heat pulse for liquid 
discharge, a pulse (pre-heat pulse) of such small energy 
not inducing the liquid discharge, according to the result 
of detection stored in the memory 49 and the liquid dis- 
charge characteristics, with a change in the pulse width 
of such pre-heat pulse or in the output timing thereof, in 



, order to maintain the temperature of the liquid in the liq- 
uid path within a desired temperature range. In this man- 
ner there can be obtained a constant liquid discharge 
amount at each discharge aperture. 

5 [0040] The above-described drive control utilizing the 
temperature sensors, the data for determining the pre- 
heat pulse width can be stored only once for example 
at the start of operation of the liquid discharge appara- 
tus. In such case, after the power supply of the liquid 

10 discharge apparatus is turned on, the drive signal con- 
trol circuit 46 determines the pre-heating pulse width for 
each heat generating member 32, according to the liquid 
discharge characteristics measured in advance and the 
temperature data detected by the sensor portion 1 1 . The 

15 memory 49 stores the selection data for selecting the 
pre-heat pulse width corresponding to each heat gener- 
ating member 32, and, at the actual pre-heating opera- 
tion, the pre-heat signal is selected according to the se- 
lection data stored in the memory 49, whereby the heat 

20 generating member 32 is pre-heated. 

[0041] In the above-described configuration , the sen- 
sors of the sensor portion 11 and the amplifier are 
formed on the top plate, so that the output signals of the 
sensors of the sensor portion 11 and the signal between 

2S the sensor and the amplifier are not affected by the noise 
induced by the heater drive current generated on the 
element substrate 31 . 

[0042] Also the sensor drive circuit 47, the drive signal 
control circuit 46 and the selector switch 12 are formed 

30 on the top plate, and are therefore not influenced by the 
noise of the heat drive current. 
[0043] Furthermore, as the sensors of the sensor por- 
tion 11 are serially activated by the selector switch 12, 
the space required therefor can be limited on the top 

35 plate 33, whereby the head itself can be made com- 
pacted 

[0044] The above-described drive control utilizing the 
resistance sensors or temperature sensors may also be 
applied for detecting the viscosity or concentration of the 

40 liquid in the liquid path and controlling the drive of the 
heat generating member 32 so as to maintain these 
properties within a desired range. As an example, Fig. 
3A is a cross-sectional view, along the liquid path, of a 
liquid discharge head having a function of detecting the 

45 viscosity of the liquid in the liquid path : while Fig. 3B is 
a schematic circuit diagram of a viscosity measuring cir- 
cuit provided on the top plate. In Fig. 3A, components 
same as those in Fig. 2 are represented by same num- 
bers. 

so [0045] In this example, there are provided an element 
substrate 1 bearing plural heat generating members 2 
(one being shown in Fig. 3A) arranged in parallel man- 
ner, for providing the liquid with thermal energy for gen- 
erating a bubble therein, a top plate 3 adjoined onto the 

55 element substrate 1 and bearing electrodes 200a, 200b 
of viscosity sensors 200, an orifice plate 4 adjoined to 
the front end face of the element substrate 1 and the top 
plate 3, and a movable member 6 provided in a liquid 
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path constituted by the element substrate 1 and the top 
plate 3. 

[0046] On the surface of the top plate 3 there are 
formed viscosity sensors 200 for measuring the viscos- 
ity of the liquid in respective first liquid path 7a. The vis- 
cosity sensor 20 is provided, in the vicinity of the dis- 
charge aperture 5, with electrodes 200a, 200b posi- 
tioned in parallel to the direction of flow, so as to be in 
contact with the liquid. 

[0047] As shown in Fig. 3B, the viscosity measuring 
circuit is composed of a resistor 201 varying the resist- 
ance according to the viscosity of the liquid between the 
electrodes 200a, 200b, a resistor 203 for providing a ref- 
erence resistance, and an operational amplifier 204 
serving as a buffer. The circuit elements constituting the 
viscosity measuring circuit are formed by a semiconduc- 
tor wafer process on the top plate. 
[0048] The above-described viscosity measuring cir- 
cuit provides, as the result of detection of the liquid vis- 
cosity, an output voltage V determined by an input pulse 
voltage, applied from a viscosity sensor drive circuit (not 
shown) for driving the viscosity sensor 200, and the re- 
sistance of the resistor 201 . Based on such result of de- 
tection, there is executed the drive control explained in 
the foregoing. 

<Drive control utilizing rank heater 43> 

[0049] The rank heater 43 is formed on the element 
substrate 31 and directly detects the resistance of the 
heat generating member 32 or the temperature of the 
element substrate 31 . The rank sensor 43 can be com- 
posed, for example, of a temperature sensor capable of 
directly measuring the temperature in the vicinity of the 
heat generating the resistance of the heat generating 
member 32. As the temperature or resistance to be de- 
tected shows a large change, such rank heater 43 is in- 
fluenced little by the aforementioned noise of the heater 
drive current, though such noise is superposed on the 
output. 

[0050] In case the rank heater 43 detects an abnor- 
mally high temperature of the element substrate 31 , the 
corresponding result is supplied to the drive signal con- 
trol circuit 46, which in response executes an operation 
of limiting or interrupting the drive of the heat generating 
member 32. 

[0051] In the above-described drive control for the 
heat generating member 32, the sensor portion 11 may 
be provided with plural units of each of the resistance 
sensor and the temperature sensor and both the heat 
pulse and the pre-heat pulse may be controlled accord- 
ing to the result of detection by these sensors to further 
improve the image quality. 

[0052] It is also possible to divide the array of the heat 
generating members 32 into plural blocks and to detect 
the liquid state in each block by the sensor portion 11. 
In such case, the drive control of the heat generating 
members 32 by the drive signal control circuit 46 and 



the image data output by the image data transfer portion 
42 are Executed in the unit of such divided block. It is 
thus rendered possible to easily accommodate a higher 
printing speed. 

s [0053] It is furthermore possible to store the outputs 
of the sensors of the sensor portion 11 and of the rank 
heater 43, and to control the drive of the heat generating 
members 32 based on the results of such detection and 
on the liquid discharge characteristics stored in advance 
and corresponding to such results of detection. 
[0064] Further, the head information stored in the 
memory 49 may include, in addition to the aforemen- 
tioned resistance data of the heat generating members, 
kind of the liquid to be discharged (for example ink color 
in case the liquid is ink). This is because the physical 
property and discharge characteristics of the liquid vary 
depending on the kind thereof. Such head information 
may be stored in the memory 49 in nonvolatile manner 
after the assembly of the liquid discharge head or may 
be transferred from the liquid discharge apparatus em- 
ploying the liquid discharge head after the apparatus is 
started up. 

[0055] In the following there will be explained an ex- 
ample of the process of forming the circuits on the ele- 
ment substrate 31 and the top plate 33. 
[0056] The element substrate 31 is obtained by form- 
ing circuits constituting the drive timing controlling logic 
circuit 38, image data transfer portion 42 and rank heat- 
er 43 by a semiconductor wafer process on a silicon sub- 
strate, then forming the heat generating members 32 
and finally forming the connecting contact pads and ex- 
ternal contract pads. 

[0057] The top plate 33 is obtained by forming the 
sensor portion 1 1 , selector switch 1 2, amplifier 1 3, drive 
signal control circuit 46 and sensor drive circuit 47 by a 
semiconductor wafer process on a silicon substrate, 
then forming grooves and a supply aperture constituting 
the liquid paths and common liquid chamber by a film 
forming technology and etching, and finally forming the 
connecting contact pads. 

[0058] When the element substrate 31 and the top 
plate 33 of the above-described configuration are ad- 
joined with mutual alignment, the heat generating mem- 
bers 32 are positioned respectively corresponding to the 
liquid paths and the circuits formed on the element sub- 
strate 31 and the top plate 33 are electrically connected 
through the connecting pads. The electrical connection 
can be achieved, for example, by placing a gold bump 
on each connecting pad, but there may also be adopted 
other methods. After the adjoining of the element sub- 
strate 31 and the top plate 33, the orifice plate is ad- 
joined to the front end of the liquid paths, whereby the 
liquid discharge head is completed. As shown in Fig. 2, 
the liquid discharge head of the present embodiment 
has the movable members 6, and such movable mem- 
bers 6 may be formed by a photolithographic process 
on the element substrate 31 , after the formation of the 
circuits thereon as explained in the foregoing. 
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[0059] In mounting thus obtained liquid discharge 
head on a head cartridge or on a liquid discharge appa- 
ratus, the head is fixed on a base board 22 bearing a 
printed circuit board 23, thereby forming a liquid dis- 
charge head unit 20. Referring to Fig. 4, the printed cir- 
cuit board 23 is provided with plural wiring patterns 24 
to be electrically connected with the head control portion 
of the liquid discharge apparatus, and such wiring pat- 
terns 24 are electrically connected with the external con- 
tact pads 15 through bonding wires 25. In the foregoing 
there has been explained a configuration in which the 
external contact pads 15 are provided solely on the el- 
ement substrate, but they may be also provided solely 
on the top plate. 

[0060] In the liquid discharge head explained in the 
foregoing, the heat generating members 32 are control- 
led according to the sensor outputs, but there may also 
be adopted a configuration in which the temperature of 
the element substrate 31 is controlled according to the 
sensor outputs. In the following there will be explained 
a liquid discharge head capable of controlling the tem- 
perature of the element substrate. 
[0061] Fig. 5 is a view showing the circuit configura- 
tion of the element substrate and the top plate in the 
configuration capable of controlling the temperature of 
the element substrate according to the sensor outputs, 
wherein components equivalent to those in Figs. 1 A and 
1 B are represented by same numbers. 
[0062] In this configuration, as shown in Fig. 5, the 
element substrate 31 is provided, in addition to the heat 
generating members 32 for liquid discharge, with a tem- 
perature holding heater 55 for heating the element sub- 
strate 31 itself in order to regulate the temperature there- 
of and a power transistor 56 constituting a driver for the 
temperature holding heater 55. In this configuration, the 
sensors of the sensor portion 11 on the top plate are 
composed of temperature sensors. 
[0063] In this embodiment, the drive signal control cir- 
cuit 46 is provided with a comparator, which compares 
the output of each sensor with a threshold value deter- 
mined in advance from the temperature required for the 
element substrate 31 and, if the output of the sensor is 
larger than the threshold value, outputs a heater control 
signal for driving the temperature holding heater 55. The 
above-mentioned temperature at which the liquid in the 
liquid discharge head has a viscosity within a stable dis- 
charge range. The heater control signal from the drive 
signal control circuit 46 is supplied to the power transis- 
tor 56 for the temperature holding heater, through ter- 
minals (connecting pads) formed on the element sub- 
strate 31 and the top plate 33. 
[0064] In the above-described configuration, the tem- 
perature holding heater 55 is driven by the drive signal 
control circuit 46 according to the output of each sensor, 
whereby the temperature of the element substrate 31 is 
maintained at a predetermined value. As a result, the 
viscosity of the liquid in the liquid discharge head is 
maintained with the stable discharge range to enable 



stable liquid discharge. 

[0065] The sensors show individual fluctuation in the 
output. For achieving more accurate temperature con- 
trol, it is also possible to store the correction values for 

5 the fluctuation of the outputs as the head information in 
the memory 49 and to adjust the threshold value set in 
the drive signal control circuit 46 according to such cor- 
rection value stored in the memory 49. 
[0066] In the following there will be explained, as var- 

10 iations of the foregoing liquid discharge head, certain 
examples having at least a temperature sensor for de- 
lecting the presence or absence of ink and an amplifier 
for the output thereof on the top plate and the head driv- 
ing function of such examples based on the result of de- 

15 tection by such temperature sensor. 

[0067] Figs. 6A and 6B to 8A and 8B are schematic 
views of variations of the circuit configuration in the el- 
ement substrate and the top plate of the liquid discharge 
head of the present embodiment, wherein Figs. 6A, 7A 

20 and 8A are plan views of the element substrate while 
Figs. 6B, 7B and 8B are plan view of the top plate. As 
in Figs. 1 A and 1 B, the views A and B show the mutually 
opposed faces of the element substrate and the top 
plate, and a broken-lined portion in each view B indi- 

2S cates the position of the liquid chamber and the liquid 
paths when the top plate is adjoined to the element sub- 
strate. The amplifier for the output of the temperature 
sensor is not illustrated in these views, but is assumed 
to be provided on the top plate in each example. In the 

30 following description, any configuration obtained by 
combining the examples shown in Figs. 6A and 6B to 
8A and 8B is also naturally included in the present in- 
vention, unless otherwise stated. Also in the following 
description, components of an equivalent function are 

35 represented by a same number. 

[0068] Referring to Fig. 6A t an element substrate 401 
is provided with plural heat generating members 402 ar- 
ranged in parallel manner respectively corresponding to 
the liquid paths, a sub heater 455 provided in the com- 

40 mon liquid chamber, drivers 411 for driving the heat gen- 
erating members 402 according to the image data, and 
an image data transfer portion 412 for transferring the 
entered image data to the drivers 411. In addition, the 
element substrate 401 is provided with liquid path walls 

^5 401 a for forming the nozzles and a liquid chamber frame 
401b for forming the common liquid chamber. 
[0069] Referring to Fig. 6B, a top plate 43 is provided 
with a temperature sensor 413 for measuring the tem- 
perature in the common liquid chamber, a sensor drive 

so portion 417 for driving the temperature sensor 413, a 
limiting circuit 459 for limiting or interrupting the drive of 
the heat generating members 402 according to the out- 
puts of the temperature sensors, and a heat generating 
member control portion 41 6 for controlling the drive con- 

55 dition of the heat generating members 402 according to 
the signals from the sensor drive portion 417 and the 
limiting circuit 459, and is further provided with a supply 
aperture 403a communicating with the common liquid 
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chamber for liquid supply thereto from the exterior. 
[0070] Also in the mutually opposed portions on the 
adjoining faces of the element substrate 401 and the top 
plate 403, there are provided connecting contact pads 
414, 418 for electrically connecting the circuits formed 
on the element substrate 401 with those formed on the 
top plate 403. The element substrate 401 is further pro- 
vided with external contact pads 415 serving as input 
terminals for the external electrical signals. The element 
substrate 401 is larger than the top plate 403, and the 
external contact pads 415 are provided in a portion to 
protrude of the element substrate "401 when it is ad- 
joined with the top plate 403; These circuits are formed 
by a semiconductor wafer process. When the element 
substrate 401 and the top plate 403 are adjoined with 
mutual alignment, the heat generating members 402 are 
positioned respectively corresponding to the liquid 
paths and the circuits formed on the element substrate 
401 and the top plate 403 are electrically connected 
through the connecting contact pads 414, 418. 
[0071] Between the element substrate (first sub- 
strate) 401 and the top plate (second substrate) 403, a 
space of several ten microns is filled with ink. Therefore, 
under heating with the sub heater 455, the heat conduc- 
tion to the second substrate varies according to the 
presence or absence of ink. Therefore, the presence or 
absence of ink in the liquid chamber can be detected by 
detecting the heat conduction with a temperature 413 
composed for example ol a diode sensor utilizing a PN 
junction. Thus, according to the result of detection by 
the temperature sensor 413, for example in case the 
temperature sensor 41 3 detects an abnormal tempera- 
ture in comparison with the case of presence of the ink, 
the limiting circuit 459 limits or interrupts the drive of the 
heat generating members 402 or outputs a warning sig- 
nal to the main body of the apparatus : thereby prevent- 
ing physical damage In the head and providing a head 
capable of constantly exhibiting stable discharge ability. 
[0072] Particularly in the present invention, since the 
temperature sensor and the limiting circuit mentioned 
above can be formed by a semiconductor wafer-proc- 
ess, these components can be provided in an optimum 
position and the function for preventing the damage of 
the head can be added without any increase in the cost 
of the head. 

[0073] Figs. 7A and 7B show a variation ol the em- 
bodiment shown in Figs. 6A and 6B, different in that the 
discharge heaters or the heat generating members 402 
are utilized instead of the sub heater. In the variation 
shown in Figs. 7A and 7B, the temperature sensor 413 
is provided In an area ol the top plate 403 opposed to 
the heat generating members 402, and detects the pres- 
ence or absence of ink by detecting the temperature 
when the heat generating members 402 are activated 
with a short pulse or a low voltage not inducing the bub- 
ble generation. In addition to the detection of presence 
or absence of ink, it is also possible to execute monitor- 
ing of the temperature and feedback to the driving con- 



dition in the course of the liquid discharge operation. The 
present Variation is particularly effective in case it is dif- 
ficult to position the sub heater in the common liquid 
chamber. In this variation, the heat generating member 

5 control portion 416 limits or interrupts the head drive ac- 
cording to the output of the temperature sensor 41 3. 
[0074] A variation shown in Figs. 8A and 8B is differ- 
ent from that shown in Figs. 7A and 7B in that the tem- 
perature sensor 41 3 is so provided as form plural groups 

10 corresponding to different heat generating members 
402 (in Fig. 8B the temperature sensors 413a, 413b, 
• ' 413c, ... correspond to the respective nozzles). Since 
the heat generating members 402 can be selectively 
driven, such plural temperature sensors allow more de- 

15 tailed detection of ink state, such as the presence or ab- 
sence of ink in finer portions. 
[0075] Also such temperature sensors respectively 
corresponding to the heat generating members 402 al- 
low to detect the temperature change at the liquid dis- 

20 charge in each nozzle, thereby detecting the presence 
or absence of ink or the bubble generating state in each 
nozzle through the temperature. The partial discharge 
failure resulting from the absence of ink in each nozzle 
may be detected by providing a memory for storing the 

25 temperature change under the heating with the heat 
generating member between the presence and absence 
of the inkas head information in the manufacturing proc- 
ess of the head and providing the heat generating mem- 
ber control portion 416 with such head information, 

30 thereby effecting comparison with the data correspond- 
ing to the normal discharge state stored in such memory, 
or by comparison of the data with those of the adjacent 
plural nozzles (for example the nozzle 413b is judged 
abnormal if an abnormal output is obtained from the noz- 

35 zle 41 3b among the data from the nozzles 41 3a, 41 3b, 
413c,...). The presence-or absence of ink can be more 
precisely detected through such comparison of the sen- 
sor output with the value stored in the memory. 
[0076] In the above-described configuration, the tem- 

40 perature sensors 413a, 413b, 413c etc. are not electri- 
cally connected with the heat generating members 402, 
so that such sensors may be provided on the top plate 
without the drawback of complication of the electrical 
wirings. Also the plural sensor may be provided without 

4 5 an increase in the cost, since they can be prepared by 
a semiconductor wafer process. 
[0077] The foregoing embodiment and variations are 
applicable not only to the liquid discharge head shown 
in Fig. 2 but also to various liquid discharge heads uti- 

50 lizing thermal energy. 

[Second embodiment] 

[0078] This embodiment provides a liquid discharge 
55 head and a producing method therefor capable, in ad- 
joining the element substrate and the top plate so as to 
electrically connect the functional elements and the 
electrical circuits thereof, of easy alignment of the ele- 



19 



EP 1 057 638 A2 



20 



ment substrate and the top plate and of improving the 
production yield. 

[0079] More specifically, in the present embodiment, 
there is provided a liquid discharge head in which plural 
elements or electrical circuits of different functions for 
controlling the drive condition ol the energy converting 
elements are dividedly formed on a first substrate and 
a second substrate according to the functions, wherein 
plural protruding electrical connecting portions are 
formed on either of the first and second substrates while 
plural recessed electrical connecting portions, for re- 
spectively engaging~with and for being electrically con- 
nected with' the protruding electrical connecting por- 
tions, are formed the other of the first and second sub- 
strates, whereby, in the adjoining of the first and second 
substrates, the mutual engagement of the protruding 
and recessed electrical connecting portions enable the 
positional alignment of a certain level. Also in case a 
lateral wall constituting the recessed electrical connect- 
ing portion is composed of a silicon-containing hard lat- 
eral wall, there is executed eutectic bonding involving 
the melting of metals constituting the protruding and re- 
cessed electrical connecting portions to improve the po- 
sitional precision between the first and second sub- 
strates by means of such hard lateral wall. Furthermore, 
the presence of such protruding and recessed electrical 
connecting portions in the first and second substrates 
and the adjoining thereof by the eutectic bonding of such 
connecting portions enable bonding of the wafers in 
case the first and second substrates are composed of 
wafers, thereby improving the production yield in the 
manufacture of the liquid discharge head. As a result, 
the manufacturing cost of the liquid discharge head can 
be reduced. According to the present embodiment, 
there is thus provided a liquid discharge head compris- 
ing plural discharge apertures for discharging liquid, first 
and second substrates to be mutually adjoined to con- 
stitute plural paths communicating respectively with the 
discharge apertures, plural energy converting elements 
provided in the liquid paths for converting electrical en- 
ergy into energy for discharging liquid present in the liq- 
uid paths, and plural elements or electrical circuits of 
different functions for controlling the drive condition of 
the energy converting elements, such plural elements 
or electrical circuits being dividedly provided on the first 
and second substrates are respectively provided with 
electrical connecting portions for mutually connecting 
electrically the elements or the electrical circuits of the 
first and second substrates and the electrical connecting 
portion of the first substrate is adjoined to that of the 
second substrate by eutectic bonding. 
[0080] In the above-described configuration, the first 
and second substrates are respectively provided with 
electrical connecting portions for mutually and electri- 
cally connecting the elements or electrical circuits of the 
substrates and the electrical connecting portions of the 
first and second substrates are mutually connected by 
eutectic bonding, whereby the first and second sub- 



strates can be adjoined by such eutectic bonding. Thus, 
in case the first and second substrates are composed 
of wafers, such wafer can be bonded to improve the 
yield in the manulacture of the liquid discharge head. As 

s a result, there can be reduced the manufacturing cost 
of the liquid discharge head. In such case, the first and 
second substrates are provided with engaging portions 
for mutual engagement, different from the aforemen- 
tioned electrical connecting portions. 

10 [0081] According to the present embodiment, there is 
also provided a method for producing a liquid discharge 
head including plural discharge apertures for discharg- 
ing liquid; first and second substrates which are to be 
mutually adjoined to form plural liquid paths respectively 

16 communicating with the discharge apertures; plural en- 
ergy conversion elements respectively provided in the 
liquid paths, for converting electrical energy into energy 
for discharging the liquid in the liquid paths; and plural 
elements or electrical circuits of different functions for 

20 controlling the drive condition of the energy conversion 
elements, the elements or electrical circuits being divid- 
edly provided on the first and second substrates accord- 
ing to the functions, the method comprising: 

25 a step of forming plural protruding electrical con- 
necting portions, on either of the first and second 
substrates, for mutually and electrically connecting 
the elements or electrical circuits of the first and 
second substrates; 

30 a step of forming plural recessed electrical connect- 
ing portions, on the other of the first and second 
substrates, for respectively engaging with the pro- 
truding electrical connecting portions and being 
electrically connected therewith; and 

35 a step of engaging the plural protruding electrical 
connecting portions with the respectively corre- 
sponding plural recessed electrical connecting por- 
tions at the adjoining of the first and second sub- 
strate. 

40 

[0082] In the above-mentioned step of adjoining the 
first and second substrates, the protruding electrical 
connecting portion and the recessed electrical connect- 
ing portion are adjoined by eutectic bonding. 

45 [0083] It is also preferred that the lateral of the re- 
cessed electrical connecting portion is composed of a 
part of the liquid path forming member for constituting 
the liquid paths and that the step of forming the recessed 
electrical connecting portion is composed of a step, in 

so forming the liquid paths by eliminating portions ol the 
liquid path forming member corresponding to the liquid 
paths, of eliminating a predetermined portion of the liq- 
uid path forming member together with the portions cor- 
responding to the liquid paths thereby forming the re- 

55 cessed shape of the recessed electrical connecting por- 
tion. 

[0084] In the above-mentioned method of the present 
invention for producing a liquid discharge head in which 
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plural elements or electrical circuits of different functions 
for controlling the drive condition of the energy convert- 
ing elements are dividedly formed on a first substrate 
and a second substrate according to the functions, plu- 
ral protruding electrical connecting portions are formed 
on either of the first and second substrates while plural 
recessed electrical connecting portions, for respectively 
engaging with and for being electrically connected with 
the protruding electrical connecting portions, are formed 
the other of the first and second substrates, whereby, at 
the adjoining of the first and second substrates, the pro- 
truding plural electrical connecting portions are made to 
respectively engage with the plural recessed electrical 
connecting portions to enable the positional alignment 
of a certain level. Also in case a lateral wall constituting 
the recessed electrical connecting portion is composed 
for example of a silicon-containing hard lateral wall, 
there is executed eutectic bonding involving the melting 
of metals constituting the protruding and recessed elec- 
trical connecting portions to improve the positional pre- 
cision between the first and second substrates by 
means of such hard lateral wall. Furthermore, the pres- 
ence ol such protruding and recessed electrical con- 
necting portions in the first and second substrates and 
the adjoining thereof by the eutectic bonding of such 
connecting portions enable bonding of the wafers in 
case the first and second substrates are composed of 
wafers, thereby improving the production yield in the 
manufacture of the liquid discharge head. As a result, 
the manufacturing cost of the liquid discharge head can 
be reduced. 

[0085] According to the present embodiment, there is 
also provided a method for producing a liquid discharge 
head including plural discharge apertures for discharg- 
ing liquid; first and second substrates which are to be 
mutually adjoined to form plural liquid paths respectively 
communicating with the discharge apertures; plural en- 
ergy conversion elements respectively provided in the 
liquid paths, for converting electrical energy into energy 
for discharging the liquid in the liquid paths; and plural 
elements or electrical circuits of different functions for 
controlling the drive condition of the energy conversion 
elements, the elements or electrical circuits being divid- 
edly provided on the first and second substrates accord- 
ing to the functions, the method comprising: 

a step of preparing a first silicon wafer including plu- 
ral first substrates, each provided with a first elec- 
trical connecting portion for mutually and electrically 
connecting the elements or electrical circuits of the 
first and second substrates; 
a step of preparing a second silicon wafer including 
plural second substrates, each provided with a sec- 
ond electrical connecting portion for mutually and 
electrically connecting the elements or electrical cir- 
cuits of the first and second substrates; 
an impingement step of impinging the first silicon 
wafer on the second silicon wafer in such a manner 



that the first electrical connecting portion is opposed 
to the second electrical connecting portion corre- 
sponding to the first electrical connecting portion; 
an adjoining step of adjoining the first electrical con- 
s necting portion with the second electrical connect- 
ing portion corresponding to the first electrical con- 
necting portion by eutectic bonding; and 
a cutting step of integrally cutting the adjoined first 
and second silicon wafers after the adjoining step. 

[0086] In the above-described configuration, in cut- 
ting the integrally adjoined first and second silicon wa- 
fers, plural liquid discharge heads (head chips) can be 
produced with a high yield since the first and second 
silicon wafers do not peel or displace by the eutectic 
bonding of the first and second electrical connecting 
portions. In such producing method, the productivity is 
further improved since the number of aligning opera- 
tions can be significantly reduced in comparison with a 
case where the first and second substrates are aligned 
in each head. 

[0087] In the above-mentioned producing method for 
the liquid discharge head, it is preferred that each of the 
first and second electrical connecting portion electrical 
connecting portions is provided in plural units and that 
either of the first and second electrical connecting por- 
tions is formed in a protruding shape while the other is 
formed in a recessed shape to be electrically connected 
with the protruding electrical connecting portion. 
[0088] In the following the present embodiment will be 
explained in detail with reference to the attached draw- 
ings. 

[0089] Figs. 11 A to 11 D are views showing steps of 
adjoining the top plate 3 to the element substrate 1 bear- 
ing the movable members 6 and the liquid path walls 9 
thereon. Figs. 11 A to 11 D are cross-sectional view of 
the element substrate 1 and the top plate 3 along the 
liquid paths. 

[0090] Now there will be explained the steps of adjoin- 
ing the top plate 3 to the element substrate 1 bearing 
the movable members 6 and the liquid path walls 9 ther- 
eon, with reference to Figs. 1 1 A to 1 1 D. 
[0091] As shown in Fig. 11 A, at the free end side of 
the movable member 6 on a face of the element sub- 
strate 1 , bearing the heat generating members 2, name- 
ly at a front end portion on the element substrate 1 , there 
is formed an orifice plate portion 91 composed of SiN 
films 72, 74 remaining on the element substrate 1 . 
Also around the connecting contact pad 14 on a face of 
the element substrate 1, bearing the heat generating 
members 2, there is formed a lateral wall portion 92 
composed of SiN films 72, 74 remaining on the element 
substrate 1. As shown in Fig. 11B, the aforementioned 
etching step partially eliminates the SiN films 72, 74 so 
as to form the orifice plate portion 91 and the lateral wall 
portion 92 on the element substrate 1, in addition to the 
liquid path walls 9. In this operation, a portion of the SiN 
films 72, 74 corresponding to the connecting contact 
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pad 1 4 is eliminated to form a recess 93 on the element 
substrate t , and a recessed electrode portion 94, having 
the recess 93, is composed of a lateral wall portion 92 
constituting the recess 93, a connecting contact pad 14 
at the bottom ol the recess 93, and an Au metal film on s 
the connecting contact pad 1 4. Such recessed electrode 

94 constitutes a first electrical connecting portion pro- 
vided on the element substrate 1 which is-the first sub- 
strate. 

[0092] On the other hand, a top plate 3 provided with 
the connecting contact pad 18 etc. is separately pre- 
pared in advance as explained in the foregoing, and, pri- 
or to the adjoining of the top plate 3 with the element 
substrate 1 , a gold metal bump 95 is formed as a pro- 
truding electrical connecting portion on the connecting 
contact pad 18 as shown in Fig. 11B. Such gold bump 

95 constitutes a second electrical connecting portion 
provided on the top plate 3 which is the second sub- 
strate. 

[0093] Then, as shown in Fig. 11B, after formation of 
the gold bump 95 constituting the protruding electrical 
connecting portion on the connecting contact pad 18, a 
face of the top plate bearing the gold bump 95 is made 
to be opposed to a face of the element substrate bearing 
the recessed electrode portion 94, and the gold bump 
95 is made to enter into the recess 93 of the recessed 
electrode portion 94 thereby engaging the recessed 
electrode portion 94 with the gold bump 95. Then the 
gold bump 95 and the Au film on the connecting contact 
pad 18 are fused to execute eutectic bonding therebe- 
tween. The use of a same metal in the gold bump 95 
and the Au film on the connecting contact pad 1 8 allows 
to reduce the temperature and pressure required in 
bonding, and to increase the strength of adjoining. 
[0094] Now there will be explained the engaging rela- 
tionship of the gold bump 95 and the recessed electrode 
portion 94 with reference to Fig. 1 2, showing a state prior 
to the adjoining thereof. The volume V1 of the gold bump 
95 and the volume V2 of the recess 93 of the recessed 
electrode portion 94 in a state prior to the adjoining, as 
shown in Fig. 1 2, are so selected as to satisfy a relation: 

V1 £ V2. 

[0095] The volume V2 of the recess 93 is thus made 
larger than the volume V1 of the gold bump 95 in order 
to prevent formation of a gap between the upper face of 
the lateral wall portion 92 and the top plate 3 when the 
gold bump 95 is fused and adjoined to the recessed 
electrode portion 94. Such selection of the volumes of 
the gold bump 95 and the recess 93 may vary the den- 
sity of the wirings, but, since the connecting contact 
pads 1 4, 1 8 are used only for the signal transmission or 
reception, such density of the wirings does not affect the 
signal transmission or reception. 
[0096] As already explained with reference to Fig. 4, 
the top plate 3 is provided with a sensor drive portion 17 



for driving the sensors 1 3 provided on the element sub- 
strate 1 and a heat generating member control portion 
16 for controlling the drive condition of the heat gener- 
ating members 2, based on the output from the sensors 
driven by the sensor drive portion 1 7. 
Consequently the signal transmission from the sensor 
drive portion 17 ol the top plate 3 to the sensors 1 3 of 
the element substrate 1 and the signal exchange be- 
tween the heat generating member control portion 1 6 of 
the top plate 3 and the functional elements or electrical 
circuits of the element substrate 1 are executed through 
the gold bump 95 and the recessed electrode portion 94. 
[0097] Then, as shown in Fig. 1 1 C, the front end side 
of the orifice plate portion 91 , opposite to the side of the 
movable member 6, is irradiated with an excimer laser 
light 97 through a mask 96, whereby plural discharge 
apertures 5 are formed in the orifice plate portion 91. 
Thus the liquid discharge head is obtained as shown in 
Fig. 11 D. 

[0098] In the above-described producing method, plu- 
ral elements or electrical circuits of different functions 
for controlling the drive condition of the energy convert- 
ing elements 2 are dividedly formed on the element sub- 
strate 1 and the top plate 3 according to the functions, 
wherein the gold bump 95 is formed as the protruding 
electrical connecting portion on the top plate 3 while the 
recessed electrode portion 94 for engaging with and for 
being electrically connected with the gold bump 95 is 
formed on the element substrate 1. Thus, in the adjoin- 
ing of the element substrate 1 and the top plate 3, the 
mutual engagement of the gold bump 95 and the re- 
cessed electrode portion 94 enables the positional 
alignment of a certain level. Also the lateral wall portion 
92 constituting the recessed electrode portion 94 is 
composed of a silicon-containing hard lateral wall, there 
is executed eutectic bonding involving the melting of 
metals in the gold bump 95 and the recessed electrode 
portion 94 to improve the positions precision between 
the element substrate 1 and the top plate 3 by means 
of such hard lateral wall. 

[0099] Furthermore, the presence of such recessed 
electrode portion 94 and gold bump 95 respectively on 
the element substrate 1 and the top plate 3 and the ad- 
joining thereof by the eutectic bonding of such gold 
bump 95 and recessed electrode portion 94 enable ad- 
joining of the element substrate 1 and the top plate 3, 
namely adjoining of the wafers, thereby improving the 
production yield in the manufacture of the liquid dis- 
charge head. As a result, the manufacturing cost of the 
liquid discharge head can be reduced. 
[0100] Thus, also in case of adjoining the element 
substrate 1 bearing the movable member 6 and the top 
plate bearing the liquid path walls thereon, there are for 
example formed a gold bump as the protruding electrical 
connecting portion on the connecting contact pad 14 of 
the element substrate 1 and a lateral wall portion around 
the connecting contact pad 18 of the top plate 3 to con- 
stitute a recessed electrical connecting portion similar 
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to the aforementioned recessed electrode portion 94. In 
this case, an Au film is formed in advance on the con- 
necting contact pad 1 8 ol the top plate 3. Then, after the 
gold bump on the element substrate is made to enter 
into and to engage with the recess of the recessed elec- 
trical connecting portion of the top plate 3, the gold bump 
and the Au film on the connecting contact pad 18 are 
fused to execute eutectic bonding therebetween. 
[0101] Also in this case, therefore, the mutual en- 
gagement of the gold bump ol the element substrate 1 
and the recessed electrical connecting portion of the top 
plate 3, in the adhesion thereof, enables the positional 
alignment of a certain level. Also in case a lateral wall 
constituting the recessed electrical connecting portion 
provided on the top plate 3 is composed of a silicon- 
containing hard lateral wall, there is executed eutectic 
bonding involving the melting of metals constituting the 
protruding and recessed electrical connecting portions 
to improve the positional precision between the element 
substrate 1 and the top plate 3 by means of such hard 
lateral wall. 

[0102] More specifically, in the liquid discharge head 
of the present embodiment, plural elements or electrical 
circuits of different functions for controlling the drive con- 
dition of the energy converting elements 2 are dividedly 
formed on the element substrate 1 and the top plate 3 
according to the functions, and a gold bump is formed 
as the protruding electrical connecting portion on either 
of the element substrate 1 and the top plate 3 while a 
recessed electrical connecting portion for engaging with 
and for being electrically connected with the gold bump 
is formed on the other. Thus, in the adjoining of the el- 
ement substrate 1 and the top plate 3, the mutual en- 
gagement of the gold bump and the recessed electrical 
connecting portion enables the positional alignment of 
a certain level between the element substrate 1 and the 
top plate 3. Also in case a lateral wall constituting the 
recessed electrical connecting portion is composed of 
a silicon-containing hard lateral wall, there is executed 
eutectic bonding involving the melting of metals consti- 
tuting the protruding and recessed electrical connecting 
portions to improve the positional precision between the 
element substrate 1 and the top plate 3 by means of 
such hard lateral wall. 

[0103] In the foregoing embodiment, the metal bump 
(consisting of gold, copper, platinum, tungsten, alumi- 
num or ruthenium or an alloy thereof) constituting the 
protruding electrical connecting portion enables con- 
nection with the recessed electrical connecting portion 
even if the bumps are not completely uniform in shape 
or volume. 

[0104] The configuration of the protruding and re- 
cessed electrical connecting portions is not limited to the 
above -described one in which the protruding electrical 
connecting portion alone is deformed at the adjoining. 
For example, the electrical connecting portion of the 
present invention also includes a configuration in which 
conductive sheets are individually applied to the recess- 



es, formed in advance on the first substrate (element 
substrate 1) corresponding to the protruding electrical 
connecting portions of the second substrate (top plate 
3), whereby the recesses are flat prior to the adjoining 

S of the protruding electrical connecting portions and be- 
come recessed alter the adjoining, since such configu- 
ration allows alignment of the element substrate 1 and 
the top plate 3 at a certain level. Any configuration sat- 
isfying such condition is included in the electrical con- 

10 necting portion of the present invention, for example a 
configuration in which both the protruding and recessed 
electrical connecting portions deform at the adjoining. 
[0105] Furthermore, the presence of such protruding 
and recessed electrical connecting portions in the ele- 

1* ment substrate 1 and the top plate 3 and the adjoining 
thereof by the eutectic bonding of such connecting por- 
tions enable bonding ol the wafers in case the element 
substrate 1 and the top plate 3 are composed of wafers, 
thereby improving the production yield in the manufac- 

20 ture of the liquid discharge head. As a result, the man- 
ufacturing cost of the liquid discharge head can be re- 
duced. 

[0106] In the following there will be given a supple- 
mentary explanation on the above-described effect, with 

2S reference to Figs. 1 3A to 1 3C, showing an example of 
the method for producing the liquid discharge head of 
the present invention. As explained in the foregoing em- 
bodiment, the element substrate 1 and the top plate 3 
are formed collectively in plural units corresponding to 

30 the number of heads, respectively on a first silicon wafer 
100 and a second silicon wafer 101 , as shown in Figs. 
13A and 13B. On each element substrate 1 there are 
formed the movable member 6, liquid path walls 9 and 
recessed electrode portion 94, and, on each top plate 3 

3S there is formed the gold bump 95 constituting the pro- 
truding electrical connecting portion. It is therefore ren- 
dered possible, after aligning the first silicon wafer 100 
and the second silicon wafer 101 by the gold bump 95 
and the recessed electrode portion 94 as shown in Fig. 

40 1 3C, to adjoin the gold bump 95 and the recessed elec- 
trode portion 94 by eutectic bonding. Thus, after the first 
silicon wafer 100 is made to impinge on the second sil- 
icon wafer 1 01 in such a manner that the recessed elec- 
trode portion 94 is opposed to the gold bump 95 corre- 

45 sponding to such recessed electrode portion 94, there 
are adjoined the recessed electrode portion 94 and the 
gold bump 95 corresponding thereto by eutectic bond- 
ing. By cutting the integrally adjoined first and second 
silicon wafers 100, 101, plural liquid discharge heads 

so (head chips) can be produced with a high yield since the 
first and second silicon waters do not peel or displace 
by the eutectic bonding of the element substrate 1 and 
the top plate 3. In such producing method, the produc- 
tivity is further improved since the number of aligning 

55 operations can be significantly reduced in comparison 
with a case wher9 the element substrate 1 and the top 
plate 3 are aligned in each head. 
[0107] The above-described effect can be achieved 
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in a configuration in which the first silicon wafer 100 and 
the second silicon wafer 101 are aligned by the combi- 
nation of the protruding and recessed shapes, but more 
preferably in a configuration in which the electrical con- 
necting portions provided on the element substrate 1 
and the top plate 3 are mutually adjoined by the eutectic 
bonding. In case of adjoining by eutectic bonding, the 
electrical connecting portions need not necessarily be 
the combination of protruding and recessed shapes but 
the first silicon wafer 100 and the second silicon wafer 
101 may be provided with means enabling mutual align- 
ment such as mutually engaging protruding and re- 
cessed portions provided separately from the electrical 
connecting portions or another aligning method to ena- 
ble the alignment at the adjoining. 

[Third embodiment] 

[01 08] I n the aforementioned adjoining method for the 
element substrate and the top plate, the optimum top 
plate adjoining is difficult to achieve constantly because 
the top plate may fluctuate in shape, depending on the 
material and manufacturing process of the top plate. Al- 
so in recent years, it is being required to further improve 
the adjoining accuracy of the top plate and the element 
substrate, in order to realize arrangement of the dis- 
charge aperture at a higher density and high-quality im- 
age by stable liquid discharge. 
[01 09] It is often difficult to achieve an accuracy meet- 
ing to the above-described requirements by a mechan- 
ical impingement method or a mechanical fitting meth- 
od, such as crushing a protruding portion. Also in a 
method utilizing image processing, the top plate is 
moved for adjoining after the position thereof is con- 
firmed by image processing, so that the adjoined state 
of the element substrate and the top plate cannot be di- 
rectly observed and there cannot be the influence of 
eventual aberration at the adjoining step. 
[0110] Also for confirming whether the adjoining is 
satisfactory after the adjoining is made, there is con- 
ceived a method of extracting samples and inspecting 
such samples by breaking, but such method is not prac- 
tical as it is cumbersome and involves losses. 
Therefore the only possible method is to confirm the ink 
discharge after the ink jet recording head is assembled 
to the final form, and such method inevitably involves 
waste of the components. 

[0111] Also since the adjoined state cannot be con- 
firmed immediately, the defective products may be pro- 
duced in continuation even in case of an aberration in 
the pitch, so that such defective products may be for- 
warded to the final confirming stage by actual printing. 
[0112] Such loss in the yield of top plate adjoining or 
generation of the defective products results in an in- 
crease in the manufacturing cost. 
[0113] In consideration of the foregoing, the present 
embodiment executes adjoining of the top plate accord- 
ing to the fluctuation in the shape of the top plate or the 



, element substrate, thereby suppressing the preparation 
of the defective products and allowing to obtain the in- 
formation on the adjoining state immediately after the 
adjoining of the top plate. 
5 [0114] In the following the present embodiment will be 
explained in detail, with reference to the attached draw- 
ings. 

[0115] At first there will be explained an example of 
the process for forming the circuits etc. on the element 
to substrate 1 and the top plate 3 in the present embodi- 
ment. 

[0116] The element substrate 1 is obtained by forming 
circuits constituting the driver, image data transfer por- 
tion and sensors by a semiconductor wafer process on 

15 a silicon substrate, then forming the heat generating 
members 2 as explained in the foregoing and finally 
forming the connecting contact pads 1 4 and the external 
contact pads 15 (cf. Figs. 11 A to 11 D). 
[0117] The top plate 3 is obtained by forming circuits 

20 constituting the aforementioned heat generating mem- 
ber control portion and sensor drive portion by a semi- 
conductor wafer process on a silicon substrate, then 
forming grooves and a supply aperture constituting the 
liquid paths and common liquid chamber by a film form- 

25 jng technology and etching as explained in the forego- 
ing, and finally forming the connecting contact pads 1 8. 
[011 8] The forming method of an adjoining state sen- 
sor is variable depending on the kind thereof, so that the 
formation thereof is to be included in one of the forego- 
ne jng steps. 

[0119] The adjoining state sensor can be of any type 
as long as it is capable of sensing the adjoining state of 
the element substrate 1 and the top plate 3, but, it can 
be more specifically composed of a distance sensor pro- 

35 vided on both the element substrate 1 and the top plate 
3 for sensing the mutual distance therebetween, or a 
pressure sensor provided on either of the element sub- 
strate 1 and the top plate 3 for directly sensing the ad- 
joined state, as will be explained later in more details. 

40 [0120] When the element substrate 1 and the top 
plate 3 of the above-described configuration are ad- 
joined with mutual alignment, the heat generating mem- 
bers 2 are positioned respectively corresponding to the 
liquid paths and the circuits formed on the element sub- 

45 strate 1 and the top plate 3 are electrically connected 
through the connecting pads 14, 18. The electrical con- 
nection can be achieved, for example, by placing a gold 
bump on each of the connecting pad 14, 18, but there 
may also be adopted other methods. Thus the element 

50 substrate 1 and the top plate 3 can be electrically con- 
nected through the connecting contact pads 14, 18, so 
that the aforementioned circuits can be electrically con- 
nected simultaneously with the adjoining of the element 
substrate 1 and the top plate 3. The adjoining state sen- 

55 sor is to sense such adjoined state. 

[0121] In the foregoing there has been explained the 
basic configuration of the present embodiment. In the 
following there will be explained specific examples of the 
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aforementioned circuits. 

<Kind and function of adjoining state sensor, forming 
method therefor> 

[0122] In the following there will be explained the ad- 
joining state sensor, which can be a distance sensor pro- 
vided on both the element substrate 1 and the top plate 
3 for sensing the mutual positions, or a pressure sensor 
provided on either of the element substrate 1 and the 
top plate 3 for directly sensing the adjoined state. The 
distance sensor is provided on both the element sub- 
strate 1 and the top plate 3 for sensing the mutual posi- 
tion, and the condition of top plate adjoining is adjusted 
according to thus obtained information. The specific 
form of such sensor is not limited, but it is exemplified 
by a configuration employing a light emitting element 
and a photosensor element. 

[0123] There are employed a light emitting element 
601 such as an LED or a phototransistor on the element 
substrate 1 and a photosensor element 602 such as a 
photocoupler on the top plate 3. The mutual positions 
are detected by the intensity of the light received by the 
photocoupler and the position of top plate adjoining is 
finely adjusted (Figs. 14, 15 and 16). The light-emitting 
and photosensor elements may be positioned on the 
bottoms of recesses 605 for improving the sensitivity 
(Fig. 17). 

[01 24] On the other hand, the pressure sensor is pro- 
vided in plural units on the top plate 3 or a top plate ad- 
joining area of the element substrate 1 , thereby sensing 
the pressure of top plate adjoining and judging whether 
the adjoined state is satisfactory. Such pressure sensor 
may be based on a method utilizing a pressure-sensitive 
conductive rubber, a method utilizing a pressure-sensi- 
tive polymer film, a method for detecting random reflec- 
tion of light, or a method utilizing a semiconductor pres- 
sure sensor. 

(1) Method utilizing pressure-sensitive conductive 
rubber 

[0125] Silicon rubber containing fine metal or carbon 
particles therein shows a continuous change in the elec- 
trical resistance as a function of the pressure applied 
thereto. A contact sensor is constructed by positioning 
electrodes 612 on both faces of such silicon rubber 
(pressure-sensitive conductive rubber) 611 and meas- 
uring the resistance between the electrodes. This is 
based on a fact that the change in the adjoined state is 
reflected in the resistance between both ends. The elec- 
trodes 61 2a, 612b are respectively provided on the top 
plate and the element substrate, and the pressure-sen- 
sitive conductive rubber 611 is sandwiched therebe- 
tween (Figs. 18Aand 18B). 



(2) Method utilizing pressure-sensitive polymer film 

[0126] Certain polymer films, such as PVDF (polyvi- 
nylidene fluoride) or VDF/TrEE (vinylidene fluoride/trif- 

5 luoroethylene copolymer), show a piezoelectric effect of 
generating an electric charge in response to a change 
in pressure, and are therefore capable of detecting the 
pressure distribution as in the pressure-sensitive resist- 
ance member (Figs. 19A and 19B). The generated 

10 charge induces a current which generates a voltage in 
. the presence of a resistor, and such generated voltage 
. is detected.-.-., -ft-. - i-, - - • 

(3) Method utilizing light 

75 

[01 27] The pressure distribution is detected by detect- 
ing a deformation of rubber with a photosensor element. 
A rubber sheet 623 having conical projections is placed 
on a transparent acrylic resin plate 622 in which the par- 
20 allel incident light 621 is totally reflected therein. The in- 
ternal light is randomly reflected by the deformation of 
the rubber, and the random reflection increases with the 
higher level of contact (larger contact area), so that the 
pressure distribution can be detected by measuring the 
2S level) of such random reflection (Fig. 20). 

(4) Method utilizing semiconductor pressure sensor 

[0128] A silicon substrate is etched to form a dia- 

30 phragm 630. on which semiconductor pressure sensors 
634, each including a gauge 631 consisting of a piezo 
resistance element, are arranged in a two-dimensional 
matrix. Such method can easily realize a high density 
and a high sensitivity (Fig. 21). 

35 [0129] In case of forming the ink jet recording head by 
adjoining first and second silicon substrates as in the 
present embodiment, it is rendered possible to achieve 
satisfactory adjoining of the top plate thereby improving 
the production yield, by providing the first and/or second 

<o with means for sensing the adjoining state and execut- 
ing the adjoining operation under the sensing of the ad- 
joined state. It is also possible to improve the yield in 
the succeeding steps since the adjoined state can be 
inspected in non-destructive manner immediately after 

45 the adjoining. 

[Forth embodiment] 

[0130] This embodiment provides another method of 
50 adjoining under monitoring of the adjoined state of the 
first and second substrates. 

[0131] This embodiment provides a recording head 
comprising first and second substrates for constituting 
plural liquid paths upon being mutually adjoined, the 
55 head being featured by a position sensor composed of 
electrodes provided in mutually opposed positions of the 
first and second substrates. 

[01 32] The above-mentioned position sensor is to de- 
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tect the relative positional relationship qf the first and 
second substrates preferably by measuring the electro- 
static capacitance between the electrodes. 
[0133] In the following the present embodiment will be 
explained in detail with reference to the attached draw- 
ings. 

<Function of position sensor and forming method 
therelor> 

[01 34] Fig. 22 shows the configuration of a head (el- 
3 'em en i substrate 1 : ancf top plate 3). 
[013S] As shown in Fig. 22, a position sensor 1221 (a, 
b) is provided on both ends of each of the element sub- 
strate 1 and the top plate 3, and the output electrical 
signal is extracted by a TAB 1220 from each substrate. 
The element substrate 1 and the top plate 3 are adjoined 
under the monitoring of such output whereby the accu- 
racy of adjoining can be significantly improved. 
[0136] Fig. 23 is a schematic view of the position sen- 
sor (capacitor) 1221, formed by parallel electrodes. 
When a potential is given between the mutually opposed 
two electrodes, there is accumulated, between the elec- 
trodes, a charge Q represented by: 

Q = C*V 

*■ • 

wherein C is the electrostatic capacitance between the 
electrodes and V is the potential therebetween. 
[01 37] The electrostatic capacitance C is a function of 
the opposed electrode area S and the opposed distance 
d, and can be approximated by the following equation 
in case the electrodes are composed of mutually parallel 
flat plates: 

C = e * S/d 

wherein e is the dielectric constant of the dielectric ma- 
terial between the electrodes. 
[01 38] Therefore, for a given dielectric constant e, the 
electrostatic constant c is proportional to the opposed 
area S of the electrodes and inversely proportional to 
the distance d thereol. 

[01 39] Fig. 24 shows the shape of the electrodes con- 
stituting the position sensor 1221. 
[0140] An electrode 1222 is formed on the first sub- 
strate while four electrodes 1223 (a, b) are formed on 
the second substrate. The second ones are formed in 
two pairs, respectively constituting an X position sensor 
1 223a and a Y position sensor 1 223b for respectively 
detecting the positional relationship with the first sub- 
strate electrode. 

[0141] Figs. 25 A and 25B shows the positions of the 
electrodes when the element substrate 1 and the top 
plate 3 are mutually adjoined. Fig. 25B, which is a lateral 
view of the first and second substrates, schematically 



, shows formation of capacitors C1 and C2. 
[0142] Fig. 26 shows an example of the circuit for de- 
tecting the positional relationship of the first and second 
substrates based on the capacitors C1, C2. The circuit 
s shown in Fig. 26 is a bridge circuit including capacitors, 
being balanced to provide a zero voltage V when: 

R4/coC1 = R3/coC2 

w 

wherein o is the angular frequency. 
[0143] Therefore, for given values of R3, R4 and <d, 
there is reached a condition C1 = C2 with V = 0 in the 
ideal adjoined state as shown in Figs. 25A and 25B. It 
15 is therefore possible to detect the ideal adjoined state 
and to adjoin the substrates by moving the second sub- 
strate with respect to the fixed first substrate while mon- 
itoring the voltage V. 



[0144] Fig. 27 shows the head configuration (element 
substrate 1 and top plate 3) in a variation of the present 
embodiment. It is different from the first embodiment in 

25 that the electrical signal is solely obtained from the first 
substrate, through a TAB 1 220. Such configuration does 
not allow to adjoin the first and second substrates under 
monitoring of the output of the position sensor 1 221 , but 
allows to detect the adjoined state of the first and second 

30 substrates after the adjoining operation. 

[0145] Thus there is not required a destructive inspec- 
tion for example by sample extraction, since the quality 
of the head can be judged immediately after the adjoin- 
ing operation. Also the defective product is not forward- 

35 ed to the succeeding step. Also the adjoined state can 
be detected on all the heads immediately after the ad- 
joining operation, whereby it is rendered possible to de- 
tect the defective products caused for example by an 
abnormality in the process and to prevent continued 

40 manufacture of such defective products. 

<Shape of electrodes: in case electrodes 1 224, 1 225 of 
first and second substrates are of an approximately 
same size> (Fig. 28) 

4S 

[0146] In such case, the electrostatic capacitance 
(opposed electrode area) S ol the capacitor becomes 
maximum in the ideal adjoined state, so that there can 
be detected a position of providing such maximum elec- 

so trostatic capacitance. 

[0147] The electrodes may be positioned on the re- 
spective nozzles and the capacitors formed for the re- 
spective nozzles are connected in parallel. In such case, 
the optimum position can be detected by the total sum 

55 of the capacitors for all the nozzles. 

[0148] There can also be measured the height of the 
nozzle or valve. In the ideal adjoined state (Fig. 28), 
since the opposed electrode area S is known, the dis- 
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tance d of the electrodes can be determined by meas- 
uring C from: 

d=8S/C. 

[0149] For example, the height of each nozzle can be 
detected by calculating: 

position sensors (both ends) + height sensors (all 
nozzzles). 

[0150] It is also possible to measure the height of the 
. valve by forming an electrode on the valve of the first 
substrate. 

[0151] In this manner it is rendered possible to detect 
the dimensional abnormality in each nozzle. 
[0152] In the present embodiment, as explained in the 
foregoing, the first and second substrates can be ad- 
joined under monitoring of the adjoined state thereof to 
significantly improve the adjoining accuracy, thereby 
achieving a high density arrangement of the discharge 
apertures or enabling a high quality image by stable liq- 
uid discharge, without sacrificing the production yield. 
[0153] Also there is not required a destructive inspec- 
tion for example by sample extraction, since the quality 
of the head can be judged immediately after the adjoin- 
ing operation. Also the defective product is not forward- 
ed to the succeeding step. Also the adjoined state can 
be detected on all the heads immediately after the ad- 
joining operation, whereby it is rendered possible to de- 
tect the defective products caused for example by an 
abnormality in the process and to prevent continued 
manufacture of such defective products. 

[Fifth embodiment] 

[0154] In the following there will be explained an em- 
bodiment having a voice sensor in the head. 
[01 55] The development of the ink jet recording appa- 
ratus is so continued as to meet the requirements of us- 
ers such as improved convenience of use, relatively 
easy inspection and maintenance or maintenance-free 
configuration. 

[0156] In the present embodiment, the liquid dis- 
charge head is provided with a voice sensor to execute 
image formation based on a voice input or to start image 
formation in response to a voice input. Also a sensor 
provided in the liquid discharge for detecting the acous- 
tic wave at the liquid discharge allows to judge a mal- 
function in the head or a defective nozzle through com- 
parison of the acoustic wave in a normal head. 
[0157] The present embodiment will be explained in 
the following with reference to the attached drawings. 
[01 58] Figs. 29A and 29B show an example of the cir- 
cuit configuration of the element substrates 1 , 3 for op- 
erating a voice signal, detected by a voice sensor, to 
control the energy applied to the heat generating mem- 
bers. 

[0159] As shown in Fig. 29A, an element substrate 1 



is provided with heat generating members 2 arranged 
in a linear array, power transistors 41 functioning as driv- 
ers, AND gates 39 for controlling the function of the pow- 
er transistors 41 , a drive timing controlling logic circuit 

5 38 for controlling the drive timing of the power transistors 
41 , and an image data transfer circuit 42 constituted by 
a shift register and a latch circuit. 
[0160] The drive timing controlling logic circuit 38 is 
provided for driving the heat generating members 2 in 

10 divided manner on time-shaped basis instead of simul- 
taneous driving, in order to reduce the power supply ca- 
pacity of the apparatus, and enable signals for activating 
the logic circuit 38 are entered from enable signal input 
terminals 45k to 45n constituting external contact pads. 

15 [0161] In addition to the enable signal input terminals 
45k to 45n, the external contact pads provided on the 
element substrate 31 includes an input terminal 45a for 
the power supply for driving the heat generating mem- 
bers 2, a ground terminal 45b for the power transistors 

20 41 , signal input terminals 45c to 45e for controlling the 
energy for driving the heat generating members 2, a 
driving power supply terminal 451 for the logic circuit, a 
ground terminal 45g, an input terminal 45i for the serial 
data entered into the shift register of the image data 

2S transfer circuit 42, an input terminal 45h for a serial clock 
signal synchronized with the serial data, and an input 
terminal 45j for a latch clock signal to be entered into 
the latch circuit. 

[0162] On the other hand, as shown in Fig. 29B, an 
30 element substrate 3 constituting the top plate is provided 
with a sensor drive circuit 47 for driving a voice sensor 
43, a drive signal control circuit 46 for monitoring the 
output of the voice sensor 43 and controlling the energy 
applied to the heat generating members 2 according to 
3S the result of such monitoring, and a memory 49 for stor- 
ing codes ranked according to the output data or output 
value detected by the sensor 43 and the liquid discharge 
characteristics measured in advance for the respective 
heat generating member 2 (liquid discharge amount by 
40 the application of a predetermined pulse under a prede- 
termined temperature) as head information and supply- 
ing such head information to the drive signal control cir- 
cuit 46. 

[0163] As contact pads for connection, the element 
4S substrate 31 and the top plate 32 are provided with ter- 
minals 44g, 44h, 48g, 48h for connecting the sensor 43 
and the sensor drive circuit 47, terminals 44b to 44d, 
48b to 48d for connecting the input terminals 45c to 45e 
for external signals for controlling the energy for driving 
50 the heat generating members 2 with the drive signal 
control circuit 46, and a terminal 48a for entering the 
output thereof into an input port of each of the AND gates 
39. 

[0164] In the example shown in Fig. 29A, the voice 
£5 sensor 43 is provided on the element substrate 1 , but it 
may also be provided on the element substrate 3 as in- 
dicated by a sensor 200 shown in Fig. 29B. In any case, 
the voice sensor may be provided in any position that is 
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effective for converting the input voice into a pressure 
vibration and that allows efficient formation of the wir- 
ings connecting the various elements. 
[0165] Fig. 30 schematically shows the cross section 
of the voice sensor in the aforementioned configuration. 
The sensor utilizes a silicon-based diaphragm 2202, 
and a piezo resistance (silicon strain gauge) 2200 is 
formed in a part thereof by a diffusion process while 
electrical circuits constituting an operational amplifier 
(for example PNP transistor 2201) are integrated 
around the sensor. Such circuits have functions of ad- 
justing the amplification gain of the output, compensat- 
ing the temperature characteristics (zero point, sensitiv- 
ity) and adjusting the zero point, and there may be add- 
ed a function of laser trimming of unrepresented thin- 
film resistors for regulating these functions. 
[0166] Fig. 31 is a schematic view showing the con- 
figuration of the voice sensor having the silicon strain 
gauge 2200 in the element substrate 3. The silicon strain 
gauge is used to detect the vibration of the throat bone 
when voice is emitted. The ordinary voice recognition is 
executed after the entry of voice detected by a micro- 
phone, conversion of the frequency region and stand- 
ardization of the length or tone of the voice. However, 
this voice sensor, utilizing the high piezoresistance ef- 
fect of silicon, is capable of detecting the vibration of a 
pressure wave with a high sensitivity (with a gauge fac- 
tor of silicon of about 2200). It is also possible to convert 
the strain caused by the pressure vibration wave and 
detected by the voice sensor into an electrical signal, 
then to process thus formed voice input signal into im- 
age data and to enter such image data into the image 
data transfer circuit 42 (cf. Fig. 29A) formed in the ele- 
ment substrate 1 . Also such voice input signal may be 
used as a trigger signal for starting the recording oper- 
ation of the liquid discharge recording apparatus to be 
explained later. 

[0167] In case the voice input signal is used as the 
trigger signal for starting the recording operation ol the 
liquid discharge recording apparatus, the voice is rec- 
ognized, as shown in Fig. 32 and 33, by detection by the 
voice sensor in the top plate, then converted in the fre- 
quency region in the signal processing circuit, standard- 
ization of the length and tone, extraction of features, and 
matching with a standard pattern. The voice is recog- 
nized in the order ol "single sound", "word", "phrase" 
and "text". 

[01 68] For example, a voice such as "start printing" or 
"stop printing" is transmitted as an electrical signal such 
as START/STOP. In response, a CLOCK signal is trans- 
mitted from the main body to the CPU of the top plate, 
while the CLOCK signal and IDATA (image data) are 
transmitted to an HB shift register. Then the CPU ol the 
top plate transmits a HEAT/BLOCK signal (optimized) 
to HB through ROM to execute heater control through 
Tr, thereby executing the printing operation. 
[01 69] The recognized voice may also be recorded in 
a recording medium or emitted as an electrically synthe- 



, sized voice from a speaker. 
[0170] In the foregoing there has been explained a 
configuration of detecting an input sound from the exte- 
rior of the head, by a sensor provided in the element 

s substrate 1 or 3, thereby executing image formation or 
starting the image recording. 
[0171] The present invention is not limited to such 
configuration but also includes a configuration of detect- 
ing the acoustic wave at the liquid discharge by a sensor, 

10 thereby judging the state of the head or the nozzle. More 
specifically, an acoustic sensor is provided in the head 
to acoustically detect various states such as mechanical 
malfunction of the head, image unevenness caused by 
unevenness within the head, state of the heaters, time- 

is dependent change in the heaters, failed discharge in the 
course of the printing operation etc. and to execute feed- 
back control toward the normal state. 
[01 72] An example of the control method in such con- 
figuration will be explained with reference to the circuit 

20 diagram shown in Figs. 29A and 29B. Also in this case, 
the sensor may be provided on the element substrate 1 
or 3, and the configuration of the sensor is same as 
shown in Fig. 30. In such configuration, the nozzles of 
a satisfactory head are driven in succession, and the 

25 acoustic wave ol such successive satisfactory states is 
stored in the memory 49. 

Subsequently, the acoustic wave is detected by driving 
the nozzles in succession at the inspection for shipping 
from the factory or at the preliminary discharge prior to 

30 the printing operation, and the detected wave is com- 
pared with the stored acoustic wave. In this manner the 
discharge state is judged for each nozzle, and informa- 
tion for correcting the discharge amount or for executing 
the suction recovery of the nozzle is supplied to the drive 

35 signal control circuit 46 or to the control portion of the 
ink suction means. 

[0173] For example, il the aforementioned detected 
wave indicates a loss of the output in all the nozzles in 
comparison with the acoustic wave in the satisfactory 

40 state, there is judged a bubble trapped in the common 
liquid chamber and there is executed the suction recov- 
ery operation of the head. Also if the detected wave is 
zero in the entire head or in a part thereof, there is not 
liquid discharge in all the nozzles or a part thereof, so 

45 that the suction recovery operation for the head is exe- 
cuted also in this case. Also in case the detected acous- 
tic wave indicates that the output is lower in a nozzle, 
the discharge characteristics are corrected on such noz- 
zle. Also in case the detected wave includes abnormality 

so in the high frequency components, there is judged de- 
fective adjoining of the element substrates 1 and 3, so 
that the head is removed at the inspection for the ship- 
ment or the head replacement is informed to the user in 
case of the recording operation at the user. 

55 [0174] In the present invention, as explained in the 
foregoing, the voice sensor provided in the liquid dis- 
charge head allows to execute image formation based 
on a voice input or to start image formation triggered by 
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a voice input. Also, the liquid discharge head may be 
provided with a sensor for detecting the acoustic wave 
at the liquid discharge, thereby being capable of judging 
a defect in the head or in the nozzle, through comparison 
with the acoustic wave in a normal head. 

[Sixth embodiment] 

[0175] In the following there will be explained an em- 
bodiment in which an image sensor is provided in the 
head. 

[0176] This embodiment will be explained in the fol- 
lowing with reference to the attached drawings. 
[0177] Figs. 34A and 34B show an example of the cir- 
cuit configuration of the element substrates 1 and 3, ca- 
pable of controlling the energy applied to the heat gen- 
erating members. 

[0178] As shown in Fig. 34A, an element substrate 1 
is provided with heat generating members 32 arranged 
in a linear array, power transistors 41 functioning as driv- 
ers, AND gates 39 for controlling the function of the pow- 
er transistors 41, a drive timing controlling logic circuit 
38 for controlling the drive timing of the power transistors 
41 , and an image data transfer circuit 42 constituted by 
a shift register and a latch circuit. 
[0179] The drive timing controlling logic circuit 38 is 
provided for driving the heat generating members 32 in 
divided manner on time-shaped basis instead of simul- 
taneous driving, in order to reduce the power supply ca- 
pacity of the apparatus, and enable signals for activating 
the logic circuit 38 are entered from enable signal input 
terminals 45k to 45n constituting an external contact 
pad. 

[01 80] In addition to the enable signal input terminals 
45k to 45n, the external contact pads provided on the 
element substrate 31 include an input terminal 45a for 
the power supply for driving the heat generating mem- 
bers 32, a ground terminal 45b for the power transistors 
41, signal input terminals 45c to 45e for controlling the 
energy lor driving the heat generating members 32, a 
driving power supply terminal 45f for the logic circuit, a 
ground terminal 45g, an input terminal 45i for the serial 
data entered into the shift register of the image data 
transfer circuit 42, an input terminal 45h for a serial clock 
signal synchronized with the serial data, and an input 
terminal 45j for a latch clock signal to be entered into 
the latch circuit. 

[0181] On the other hand, as shown in Fig. 34B, a top 
plate 3 is provided with an image sensor 43, a sensor 
drive circuit 47 for driving the image sensor 43, a mem- 
ory 49 for storing codes ranked according to the resist- 
ance data or resistance and the liquid discharge char- 
acteristics measured in advance for the respective heat 
generating member 32 as head information and supply- 
ing such head information to the drive signal control cir- 
cuit 46, and a drive signal control circuit 46 for control ling 
the energy applied to the heat generating members 32 
by referring to the data stored in the memory 49 and 



according to thus referred data. 
[01 82] ' As contact pads lor connection between the el- 
ement substrate 1 and the top plate 3, there are provided 
a terminal line for connecting the sensor drive circuit 47, 

s terminals 44b to 44d, 48b to 48d for connecting the input 
terminals 45c to 45e for external signals lor controlling 
the energy for driving the heat generating members 32 
with the drive signal control circuit 46, and a terminal 
48a for entering the output thereof into an input port of 

io each of the AND gates 39. 

[0183] As explained in the foregoing, various circuits 
- • for driving and controlling the heat generating members 
are divided between the element substrate 1 and the top 
plate 3 in consideration of the mutual electrical connec- 
ts tion thereof, so that these circuits are not concentrated 
on a single substrate and the liquid discharge head can 
be made compact. Also the circuits provided on the el- 
ement substrate 1 and those on the top plate 3 are elec- 
trically connected through the connecting contact pads, 

20 whereby the number ol electrical connections to the ex- 
terior can be reduced to realize improvement in the re- 
liability, reduction of the number of components and fur- 
ther compact ization of the head. 
[0184] Furthermore, the distribution of the above- 

2S mentioned circuits between the element substrate 1 and 
the top plate 3 allows to improve the yield of the element 
substrate 1 , thereby reducing the production cost of the 
liquid discharge head. In addition, the element substrate 
1 and the top plate 3, being composed of a same mate- 

30 rial based on silicon, have a same thermal expansion 
coefficient. As a result, when the element substrate 1 
and the top plate 3 are thermal expanded by driving the 
heat generating elements, there is not generated an ab- 
erration therebetween so that the positional precision of 

3* the heat generating member and the liquid paths is sat- 
isfactorily maintained. 

[0185] Fig. 35 is a view conceptually showing the 
function of the image sensor 43 and the sensor drive 
circuit 47 in the above-described configuration. 

40 [0186] The sensor drive circuit 47 is composed of a 
timing circuit 701, a clock circuit 702, an amplifying cir- 
cuit 703 and an image detecting circuit 704. 
[01 87] When image bearing light falls on a photoelec- 
tric conversion portion of the image sensor 43, there are 

45 accumulated positive charges corresponding to the light 
intensity. Such charges are transferred in succession in 
the vertical direction and then in the horizontal direction, 
by clock pulses of the charge transfer portion, generated 
at timings determined by the timing circuit 701 , whereby 

so the output terminal provides voltage changes corre- 
sponding to the light intensity as serial signals. Such 
voltage changes are amplified by the amplifying circuit 
703, and the image detection circuit 704 forms an image 
signal by adding a horizontal sync pulse at the timing 

55 determined by the timing circuit 701 and a vertical sync 
pulse at the end of scanning of an image frame, to thus 
amplified signals. 

[0188] The light amount detected by the plural image 
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sensors arranged regularly is amplified by digital signal 
processing and is converted in a time-sequential image 
signal, which is then stored in the memory 49. 
[0189] In the present embodiment of the above-de- 
scribed configuration, the memory 49 is used in different 
manner in the recording operation and in the image de- 
tecting operation. 

[01 90] In the recording operation, the drive signal con- 
trol circuit 46 determines the data for upshift and down- 
shift of the drive pulse for the heat generating member 
32 according to the resistance data and the liquid dis- 
charge characteristics stored in the memory 49, and 
sends such data to the AND gate 39 through the termi- 
nals 48a, 44a. On the other hand, the serially entered 
image data are stored in the shift register of the image 
data transfer circuit 42, then latched in the latch circuit 
by the latch signal and supplied to the AND gates 39 by 
the drive timing control circuit 38. Thus the pulse width 
of the heating pulse is determined according to the up- 
shift and downshift data, and the heat generating mem- 
ber 32 is energized with such pulse width. As a result, 
heat generating member 32 is given a substantially con- 
stant energy. 

[01 91] Also at the image detecting operation, the im- 
age signal detected by the image sensor 43 and the sen- 
sor drive circuit 47 is stored in the memory 49. 
[01 92] I n the present embodiment, as explained in the 
foregoing, the memory 49 is used in different manner at 
the recording operation and at the image detection, so 
that the two memories can be united into one memory 
and the apparatus can therefore be compactized. 
[0193] The storage of the codes ranked according to 
the resistance data or resistance value and the liquid 
discharge characteristics measured in advance for each 
heat generating member as the head information in the 
memory 49, and the extraction of the image signal ac- 
cumulated at the image detection, are executed through 
the terminal 48e. 

[0194] Figs. 36 and 37 are respectively an equivalent 
circuit diagram and a configuration view of a MOSFET 
image sensor, in which the image sensor is given two- 
dimensional addresses, and such addresses are 
scanned in succession with digital shift registers. 
[0195] A PN junction in the source area functions as 
a photodiode or a photosensor unit. With a positive 
pulse voltage applied to the gate electrode, a charge is 
accumulated in the photosensor unit constituted by the 
PN junction. Such charge is dissipated by the carriers 
generated by the light irradiating the photosensor unit, 
so that the light amount falling on the photosensor unit 
can be detected by periodically applying a pulse signal 
to the gate and reading the change in the source poten- 
tial. 

[0196] Fig. 38 shows the configuration ol an image 
sensor, formed by arranging such MOSFET image sen- 
sor two dimensionally and combining shift registers for 
controlling the horizontal and vertical scanning opera- 
tions. In the illustrated circuit, the horizontal scanning is 



, achieved by turning on/off the drain voltage of the MOS- 
FET, and the vertical scanning is achieved by simulta- 
neously turning on/off all the gates of the MOSFET's re- 
quired for a horizontal scanning operation. 
5 [0197] Fig. 39 is a cross-sectional view showing the 
configuration of a light amount sensor utilizing photo- 
voltaic effect. 

[0198] When light falls, through an SiC^film, on a sen- 
sor containing an internal electric field across a deple- 
te tion layer there are generated carriers and the electrons 
gather at the n side while the positive holes gather at 
the p side. These carriers can be collected by short- 
circuiting the external terminals to obtain a photocurrent, 
of which intensity is approximately proportional to the 
is amount of light falling on the pn junction. 

[0199] As explained in the foregoing, the present em- 
bodiment incorporates an image sensor and a driving 
system therefor in the top plate of the liquid discharge 
head. In the following there will be explained the external 
20 appearance of the liquid discharge head and the mode 
of use thereof. 

[0200] Fig. 40 is a perspective view of a portable re- 
cording apparatus embodying the present invention, in 
a state in the course of printing operation, and Figs. 41 
25 and 42 are perspective view of the recording apparatus 
shown in Fig. 40, in a carried state. 
[0201] As shown in Fig. 40, the recording apparatus 
of the present embodiment is provided with a main body 
3203, and a cap 3201 covering such main body. The 
30 main body 3203 is provided with a recording head for 
discharging ink thereby recording an image on a record- 
ing sheet, an ink tank containing ink to be supplied to 
the recording head, and a CCD sensor portion 3217 
serving as an image sensor. The main body 3203 is also 
35 provided with a printed circuit board for controlling the 
discharge signal to the recording head ol the configura- 
tion shown in Fig. 34 and controlling the signal exchange 
with the exterior, a drive system for driving the CCD sen- 
sor portion 3217, and a power source (not shown) for 
40 electric energy supply to the signal processing system, 
recording head and various circuits. The casing of the 
main body 3203 is composed of a plastic material such 
as ABS resin. The cover 3201 covers the recording head 
when it is not in printing, for example when the appara- 
45 tus is carried, thereby preventing drying of the ink dis- 
charge apertures and dust deposition thereto. At the 
central portion of the cap 3201 there is longitudinally 
provided a groove 321 2, and a lever 3202 for wiping the 
discharge apertures is provided to slide along the 
so groove 3212 in the state shown in Figs. 41 and 42. The 
recording apparatus of the present embodiment is fur- 
ther provided with a guide shaft 3207, serving as a guide 
for causing the scanning motion of the recording appa- 
ratus with respect to the recording sheet 3240. The 
55 guide shaft 3207 is composed of a substantially cylin- 
drical rod member, and a notch is formed in a part of the 
periphery and along the entire longitudinal direction. At 
a side of the guide shaft 3207 opposite to the notch, rub- 
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ber feet 3209 are provided in the vicinity of both ends of 
the guide shaft 3207. In the printing state, the guide shaft 
3207 is slidably inserted in a guide hole 3215 provided 
in the main body 3203. The main body 3203 moves by 
the rotating operation of a roller 3204 to execute the re- s 
cording operation or the image reading operation, and 
such movement is executed along the guide shaft 3207 
inserted into the guide hole 3215. The guide shaft 3207 
and the guide hole 3215 constitute guide means for 
causing a scanning motion of the main body 3203 in a 
predetermined direction with respect to the recording 
medium 3240r Fig. 40 shows a state" in the recording 
operation. The main body 3203 is also provided with a 
second guide hole (not shown) perpendicular to the lon- 
gitudinal direction of the main body 3203 and that of the 
guide shaft 3207 in the illustrated state, and, in the im- 
age reading operation by the CCD sensor portion 3217, 
the second guide hole and the guide shaft 3207 consti- 
tute the guide means. 

[0202] A magnetic encoder 3220 is adhered to the 
notched portion of the guide shaft 3207, and is used by 
an internal sensor (not shown) to detect the moving 
state of the main body 3203 in the recording operation 
or in the image reading operation. 
[0203] The recording apparatus is further provided 
with an LED 3205 indicating the state of the apparatus 
and a switch 3206 serving as input means of the appa- 
ratus. The LED 3205 and the switch 3206 are connected 
to the aforementioned printed circuit board. The record- 
ing apparatus is further provided with an interface for 
exchanging electrical signals with a personal computer 
or the like, and such interface is also connected to the 
printed circuit board. Fig. 40 shows a state of the printing 
operation by the recording apparatus of the present em- 
bodiment, on a recording sheet 3240 placed on a flat 
desk or the like. The main body 3203 is provided with a 
rotatable roller 3204, which is in contact, together with 
two rubber feed 3209 provided on the guide shaft 3207, 
with the desk surface on which the recording sheet 3240 
is placed. 

[0204] As shown in Fig. 41 , the main body 3203 is in- 
tegrally provided with fingers 3210, 3211, which are so 
constructed as to support the guide shaft 3207 at the 
carrying. At the printing, the guide shaft 3207 is de- 
tached from the fingers 3210, 3211 and the cap 3201 is 
placed on a side of the main body 3203 on which the 
fingers 3210, 3211 are provided. 
[0205] In the recording apparatus of the above-de- 
scribed configuration, an image is recorded on the re- 
cording medium 1 240 by rotating the roller 3204 in con- 
tact therewith to move the apparatus in a running direc- 
tion A along the guide shaft 3207, and outputting the 
print timing signal in synchronization with the rotation of 
the roller 3204, and causing the recording head to exe- 
cute the printing operation in synchronization with such 
print timing signal. 

[0206] In the image reading operation, the guide shaft 
3207 is inserted into the second guide hole and the roller 



3204 is rotated in contact with the object for image read- 
ing, thereby moving the apparatus in the running direc- 
tion A along the guide shaft 3207 and outputting a read- 
ing timing signal from the timing circuit 701 in synchro- 
nization of the rotation of the roller 3204, whereby the 
image reading is executed in synchronization with such 
timing signal. 

[0207] A liquid discharge head comprises first and 
second substrates which are to be mutually adjoined to 
form plural liquid paths respectively communicating with 
plural discharge apertures. The first substrate is provid- 
ed with energy conversion elements, for converting 
electrical energy into energy for discharging liquid in the 
liquid paths, respectively corresponding to the liquid 
paths. The second substrate is provided with detection 
elements, for detecting a state of the liquid in said liquid 
paths, respectively corresponding to the liquid paths, 
and amplification means for respectively amplifying out- 
puts of said detection elements. 
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1. A liquid discharge head, comprising first and sec- 
25 ond substrates which are to be mutually adjoined to 

form plural liquid paths respectively communicating 
with plural discharge apertures, 

wherein said first substrate is provided with en- 
30 ergy conversion elements, for converting elec- 

trical energy into energy for discharging liquid 
in the liquid paths, respectively corresponding 
to the liquid paths; and 

said second substrate is provided with detec- 
35 tion elements, for detecting a state of the liquid 

in said liquid paths, respectively corresponding 
to the liquid paths, and amplification means for 
respectively amplifying outputs of said detec- 
tion elements. 

AO 

2. A liquid discharge head according to claim 1, 
wherein said amplification means is adapted to re- 
spectively receive the outputs of said detection el- 
ements with a high impedance and to execute out- 

45 put with a low impedance. 

3. A liquid discharge head according to claim 1, 
wherein said second substrate further includes 
drive means for respectively driving said detection 

so elements. 

4. A liquid discharge head according to claim 1, 
wherein said second substrate further includes 
drive control means for respectively receiving re- 

55 suits of detection of said detection elements 
through said amplification means, to control a drive 
condition of each of said energy conversion ele- 
ments according to said results of detection. 
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5. A liquid discharge head according to claim 1, 
wherein second substrate further includes selector 
switch means for executing drive and detection ol 
said detection elements in a serial manner. 

6. A liquid discharge head according to claim 1 , 

wherein said energy conversion element is 
adapted to generate a bubble in the liquid by 
applying thermal energy thereto; and 
said liquid path includes a movable member po- 
* ' ~ sitioned opposed to said energy conversion el- 
ement and having a free end at a downstream 
side toward said discharge aperture. 

7. A liquid discharge head according to claim 1, 
wherein said detection element is a sensor adapted 
to detect a change in resistance or temperature 
through the liquid. 

8. A liquid discharge head according to claim 1, 
wherein either of said first and second substrates is 
provided with plural protruding electrical connecting 
portions for electrically connecting said detection el- 
ements with wirings provided on said first-sub- 
strate, and the other of said first and second sub- 
strates is provided with plural recessed electrical 
connecting portions to respectively engage with 
said plural protruding electrical connecting portions 
and to be respectively connected electrically with 
said plural protruding electrical connecting portions 
when said first and second substrates are adjoined. 

9. A liquid discharge head according to claim 8, 
wherein said protruding electrical connecting por- 
tion and said recessed electrical connecting portion 
are adjoined by eutectic bonding. 

10. A liquid discharge head according to claim 8, 
wherein said protruding electrical connecting por- 
tion is composed of a metal bump formed on an 
electrode provided in said either substrate, while 
said recessed electrical connecting portion is com- 
posed of a metal portion in at least a part of the por- 
tion in contact with said protruding electrical con- 
necting portion, and said metal bump and said met- 
al portion are adjoined by eutectic bonding. 

11. A liquid discharge head according to claim 8, 
wherein a lateral wall portion of said recessed elec- 
trical connecting portion is composed of a part of a 
liquid path forming member constituting said liquid 
path, and said recessed electrical connecting por- 
tion is formed by eliminating a predetermined por- 
tion ol said liquid path forming member, when a por- 
tion corresponding to said iiquid path is eliminated 
from said liquid path forming member in order to 
form said liquid path. 



12. A liquid discharge head according to claim 8, 
wherein said protruding electrical connecting por- 
tion and at least a part of said recessed electrical 
connecting portion contain a metal selected from a 

5 group consisting of gold, copper, platinum, tung- 
sten, aluminum and ruthenium or an alloy contain- 
ing a metal selected from a group consisting of gold, 
copper, platinum, tungsten, aluminum and ruthe- 
nium. 

10 

13. A liquid discharge head according to claim 8, 
wherein said first and second substrates are com- 
posed of silicon, and said elements or electrical cir- 
cuits are formed on said first and second substrates 

is by a semiconductor wafer process technology. 

14. A liquid discharge head according to claim 1, 
wherein said first and second substrates are re- 
spectively provided with electrical connecting por- 

20 tions for electrically connecting said detection ele- 
ments with wirings provided on said first-substrate, 
and the electrical connecting portion on said first 
substrate and the electrical connecting portion on 
said second substrate are adjoined by eutectic 

25 bonding. 

15. A liquid discharge head according to claim 14, 
wherein said first and second substrates are re- 
spectively provided with engaging portions, for mu- 

30 tual engagement, different from said electrical con- 
necting portions. 

16. A liquid discharge head according to claim 1 , further 
comprising a sensor for judging the state of said ad- 

3S joining, on said first or second substrate. 

17. A liquid discharge head according to claim 16, 
wherein said sensor includes a piezoelectric ele- 
ment. 

40 

18. A liquid discharge head according to claim 16, 
wherein said sensor includes a light emitting ele- 
ment provided on either of said first and second 
substrates and a light receiving element provided 

45 on the other of said first and second substrates. 

19. A liquid discharge head according to claim 1, further 
comprising a position consisting of electrodes pro- 
vided in mutually opposed positions of said first and 

so second substrates. 

20. A liquid discharge head according to claim 19, 
wherein said position sensor is adapted to detect 
the relative position of said first and second sub- 

55 strates by measuring the electrostatic capacitance 
between said electrodes. 

21 . A liquid discharge head according to claim 1 , further 
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comprising a voice input sensor for detecting a 
voice entering from the exterior of the liquid dis- 
charge head as a pressure vibration, and a circuit 
for converting the pressure vibration, detected by 
said voice input sensor, into a voice signal, selec- 
tively on said first or second substrate. 

22. A liquid discharge head according to claim 1 , further 
comprising an acoustic sensor for detecting the 
sound at the liquid discharge by the liquid discharge 
head, and a circuit for comparing the acoustic wave 

• detected by said acoustic sensor with an acoustic 
wave memorized in advance, selectively on said 
first or second substrate. 

23. A liquid discharge head according to claim 1 , further 
comprising an image sensor for converting an opti- 
cal image into an electrical signal, wherein said en- 
ergy conversion elements and a first control circuit 
for controlling said energy conversion elements are 
provided on said first substrate, and said image 
sensor and a second control circuit for controlling 
said image sensor are provided on said second 
substrate.. 

24. A liquid discharge head according to claim 23, 
wherein said first control circuit is composed of a 
drive timing control logic circuit lor controlling the 
drive timing of the plural energy conversion ele- 
ments and an image data transfer circuit for accu- 
mulating the data of the image to be formed, and 
said second control circuit is composed of a sensor 
drive circuit for driving said image sensor and form- 
ing an image signal from the output of said image 
sensor. 

25. A liquid discharge head according to claim 24, 
wherein: 

said second substrate includes a memory and 
a drive signal control circuit for determining the 
energy to be applied to the plural energy con- 
version elements; 

said memory is adapted to memorize liquid dis- 
charge characteristics measured in advance 
for each of the energy conversion elements as 
head information and to store the image signal 
generated by the sensor drive circuit; and 
said drive signal control circuit is adapted to 
control the energy to be applied to the heat gen- 
erating element according to the liquid dis- 
charge characteristics of each energy conver- 
sion element memorized in said memory. 

26. A head cartridge comprising a liquid discharge head 
according to any of claims 1 to 25, and a liquid con- 
tainer for containing liquid to be supplied to said liq- 
uid discharge head. 



27. A liquid discharge apparatus comprising a liquid 
discharge head according to any of claims 1 to 25, 
and drive signal supply means for supplying a drive 
signal for causing said liquid discharge head to dis- 

s charge liquid. 

28. A liquid discharge apparatus comprising a liquid 
discharge head according to any of claims 1 to 25, 
and recording medium conveying means for con- 

10 veying a recording medium for receiving liquid dis- 
charged from said liquid discharge head. 

29. A liquid discharge apparatus according to claim 27, 
wherein an energy generating element on a first 

15 substrate constituting said liquid discharge head is 
driven under adjustment based on the result of de- 
tection obtained by a detection element of a second 
substrate constituting said liquid discharge head, 
thereby discharging liquid onto a recording medium 
20 to execute recording. 

30. A liquid discharge apparatus employing a liquid dis- 
charge head according to claim 21, wherein an im- 
age is formed and recorded based on the voice sig- 

25 nal of said circuit. 

31. A liquid discharge apparatus employing a liquid dis- 
charge head according to claim 22, wherein the re- 
sult of comparison by said circuit is for changing the 

30 drive condition of the energy generation element of 
said liquid discharge head, executing a discharge 
recovery process of said liquid discharge head, or 
informing the user of replacement of said liquid dis- 
charge head. 

3S 

32. A liquid discharge apparatus comprising a main 
body including a liquid discharge head according to 
any of claims 23 to 25, and guide means for causing 
said main body to execute a scanning motion along 

40 a predetermined direction with respect to a record- 
ing medium for receiving the liquid discharged Irom 
said liquid discharge head or an object of image 
reading by the image sensor. 

45 33. A liquid discharge apparatus according to claim 32, 
wherein said main body includes a roller potion to 
be maintained in contact with a recording medium 
supporting surface on which said recording medium 
is placed or with the object of image reading by the 

50 image sensor and to be rotated at the scanning mo- 
tion of said main body in said predetermined direc- 
tion. 

34. A method for producing a liquid discharge head in- 
55 eluding: 

plural discharge apertures for discharging liq- 
uid; 
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first and second substrates which are to be..mu- 
tually adjoined to form plural liquid paths re- 
spectively communicating with said discharge 
apertures; 

plural energy conversion elements respectively 
provided in said liquid paths, for converting 
electrical energy into energy for discharging the 
liquid in the liquid paths; and 
plural elements or electrical circuits of different 
functions for controlling the drive condition of 
said energy conversion elements, said ele- 
ments or electrical circuits being dividedly pro- 
vided on said first and second substrates ac- 
cording to the functions thereof, the method 
comprising: 

a step of forming plural protruding electrical 
connecting portions, on either of said first-and 
second substrates, for mutually and electrically 
connecting the elements or electrical circuits of 
said first and second substrates; 
a step of forming plural recessed electrical con- 
necting portions, on the other of said first and 
second substrates, for respectively engaging 
with said protruding electrical connecting por- 
tions and being electrically connected there- 
with; and 

a step of engaging said plural protruding elec- 
trical connecting portions with said respectively 
corresponding plural recessed electrical con- 
necting portions at the adjoining of said first and 
second substrates. 

35. A method for producing a liquid discharge head ac- 
cording to claim 34, wherein, in the step of adjoining 
said first and second substrates, said protruding 
electrical connecting portion and said recessed 
electrical connecting portion are adjoined by eutec- 
tic bonding. 

36. A method for producing a liquid discharge head ac- 
cording to claim 35, wherein a lateral wall portion ol 
said recessed electrical connecting portion is com- 
posed of a pari of a liquid path forming member con- 
stituting said liquid path, and the step of forming 
said recessed electrical connecting portion consists 
of a step of forming said recessed electrical con- 
necting portion by eliminating a predetermined por- 
tion of said liquid path forming member, when a por- 
tion corresponding to said liquid path is eliminated 
from said liquid path forming member in order to 
form said liquid path. 

37. A method for producing a liquid discharge head in- 
cluding: 

plural discharge apertures for discharging liq- 
uid; 

first and second substrates which are to be mu- 



tually adjoined to form plural liquid paths re- 
spectively communicating with said discharge 
apertures; 

plural energy conversion elements respectively 
provided in said liquid paths, for converting 
electrical energy into energy for discharging the 
liquid in said liquid paths; and 
plural elements or electrical circuits of different 
functions for controlling the drive condition of 
said energy conversion elements, the elements 
or electrical circuits being dividedly provided on 
said first and second substrates according to 
the functions thereof, the method comprising: 
a step of preparing a first silicon wafer including 
plural first substrates, each provided with a first 
electrical connecting portion for mutually and 
electrically connecting the elements or electri- 
cal circuits of said first and second substrates; 
a step of preparing a second silicon wafer in- 
cluding plural second substrates, each provid- 
ed with a second electrical connecting portion 
for mutually and electrically connecting the el- 
ements or electrical circuits of said first and 
second substrates; 

an impingement step of impinging said first sil- 
icon wafer on said second silicon wafer in such 
a manner that said first electrical connecting 
portion is opposed to said second electrical 
connecting portion corresponding to said first 
electrical connecting portion; 
an adjoining step of adjoining said first electri- 
cal connecting portion with said second electri- 
cal connecting portion corresponding to said 
first electrical connecting portion by eutectic 
bonding; and 

a cutting step of integrally cutting said adjoined 
first and second silicon wafers after said adjoin- 
ing step. 

38. A method for producing a liquid discharge head ac- 
cording to claim 37, wherein each of said first and 
second electrical connecting portions is provided in 
plural units, and either of said first and second elec- 
trical connecting portions is formed in a protruding 
shape while the other of said first and second elec- 
trical connecting portions is formed in a recessed 
shape to be electrically connected with the electrical 
connecting portion of said recessed shape. 

so 39. A method for producing a liquid discharge head ac- 
cording to claim 34, wherein, in said adjoining step, 
the adjoining is executed utilizing information on the 
state of adjoining from said first and second sub- 
strates. 

55 

40. A method for producing a liquid discharge head ac- 
cording to claim 34, wherein, in said adjoining step, 
the adjoining of said first and second substrates is 
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executed utilizing a position sensor consisting ol 
electrodes provided in mutually opposed positions 
of said first and second substrates. 

41 . A method for producing a liquid discharge head ac- 
cording to claim 40, wherein the adjoining is exe- 
cuted by measuring the electrostatic capacitance 
between the electrodes of said position sensor. 

42. A printing method in a serial printer adapted to drive 
a liquid discharge head, including: 

a first substrate provided with energy conver- 
sion elements, for converting electrical energy 
into energy for discharging liquid in liquid paths, 
respectively corresponding to said liquid paths; 
and 

a second substrate provided with a detection 
element for detecting recording sheet informa- 
tion relating to the physical property, dimension 
and state of a recording sheet, amplification 
means for amplifying the output of information 
detected by said detection element, and drive 
control information determination means for 
determining drive control information of the liq- 
uid discharge head, utilizing said output; 
wherein said first and second substrates are 
mutually adjoined to constitute plural liquid 
paths respectively communicating with plural 
discharge apertures, thereby forming a print on 
a recording sheet, the printing method compris- 
ing: 

a recording sheet information detecting step of 
detecting said recording sheet information by 
said detection element, by scanning said re- 
cording sheet with said liquid discharge head; 
an output amplifying step of amplifying said out- 
put relating to the information detected in said 
recording sheet information detecting step, by 
said amplifying means; 

a drive control information determining step ol 
determining the drive control information of said 
liquid discharge head by said drive control in- 
formation determination means, utilizing said 
output amplified by said output amplifying step; 
and 

a printing step of printing on said recording 
sheet, by driving said liquid discharge head 
based on the drive control information for said 
liquid discharge head, determined in said drive 
control information determining step. 

43. A printing method for a serial printer according to 
claim 42, wherein said drive control information is 
information for controlling the drive of the energy 
conversion element. 



claim 43, wherein said detection of recording sheet 
information is detection of information relating to the 
physical property of said recording sheet. 

s 45. A printing method for a serial printer according to 
claim 43, wherein said detection of recording sheet 
information is detection of information relating to the 
dimension of said recording sheet. 

10 46. A printing method for a serial printer according to 
claim 44, wherein said detection of recording sheet 
-~ information is detection of a code provided on said 
recording sheet. 

is 47. A printing method for a serial printer according to 
claim 43. wherein said drive control information de- 
termination means has plural drive patterns, and 
said drive control information determining step is 
adapted to select one of said plural drive patterns 

20 based on said recording sheet information. 

48. A printing method for a serial printer according to 
claim 42, wherein said drive control information in- 

. eludes a print start position. 

25 

49. A printing method for a serial printer according to 
claim 48, wherein said detection of the recording 
sheet information includes detection of edge posi- 
tion information relating to the distance from a home 

30 position of the head to the edge of said recording 
sheet. 

50. A printing method for a serial printer according to 
claim 49: wherein said drive control information de- 

3S termining step includes determination of said print 
start position utilizing said edge position informa- 
tion, and said printing step includes execution of 
printing from the edge of said recording sheet, by 
starting the printing after moving said liquid dis- 

40 charge head to said print start position. 



so 
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44. A printing method for a serial printer according to 
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